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PREFACE 


TO THE SECOND EDITION. 


‘Two hundred and ninety years have now elapsed 
since one of the earliest introductions to Botany 
upon record was published, in four pages folio, by 
Leonhart Fuchs, a learned physician of ‘Tubingen. 
At that period Botany was nothing more than the 
art of distinguishing one plant from another, and 
of remembering the medical qualities, sometimes real, 
but more frequently imaginary, which experience, or 
error, or superstition, had ascribed to them. Little 
was known of Vegetable Physiology, nothing of Vege- 
table Anatomy, and even the mode of arranging 
species systematically had still to be discovered ; 
while scarcely a trace existed of those modern views 
which have raised the science from the mere business 
of the herb-gatherer to a station among the most in- 
tellectual branches of natural philosophy. 

It now comprehends a knowledge not only of the 
names and uses of plants, but of their external and 
internal organisation, and of their anatomy and phy- 
siological phenomena: it embraces a consideration 
of the plan upon which those multitudes of vegetable 
forms that clothe the earth have been created, of the 
skilful combinations out of which so many various 
organs have emanated, of the laws that regulate the 
dispersion and location of species, and of the influ- 
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ence that climate exercises upon their developement ; 
and, lastly, from botany as now understood, in its 
most extensive signification, is inseparable the know- 
ledge of the various ways in which the laws of vege- 
table life are applicable to the augmentation of the 
luxuries and comforts, or to the diminution of the 
wants and miseries, of mankind. It is by no means, 
as some suppose, a science for the idle philosopher in 
his closet; neither is it merely an amusing accom- 
plishment, as others appear to think; on the con- 
trary, its field is in the midst of meadows, and 
gardens, and forests, on the sides of mountains, and 
in the depths of mines, — wherever vegetation still 
flourishes, or wherever it attests by its remains the 
existence of a former world. It is the science that 
converts the useless or noxious weed into the nutri- 
tious vegetable ; which changes a bare volcanic rock, 
like Ascension, into a green and fertile island; and 
which enables the man of science, by the power it 
gives him of judging how far the productions of one 
climate are susceptible of cultivation in another, to 
guide the colonist in his enterprises, and to save him 
from those errors and losses into which all such per- 
sons unacquainted with Botany are liable to fall. This 
science, finally, it is which teaches the physician how 
to discover in every region the medicines that are 
best adapted for the maladies that prevail in it; and 
which, by furnishing him with a certain clue to the 
knowledge of the tribes in which particular proper- 
ties are, or are not, to be found, renders him as much 
at ease, alone and seemingly without resources, in a 
land of unknown herbs, as if he were in the midst of 
a magazine of drugs in some civilised country. 

The principles of such a science must necessa- 
rily be complicated, and in certain branches, which 
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have only for a short time occupied the atten- 
tion of observers, or which depend upon obscure and 
ill-understood evidence, are by no means so clearly 
defined as could be wished. ‘To explain those prin- 
ciples, to adduce the evidence by which their truth 
is supposed to be proved, or the reasoning upon 
which they are based in cases where direct proof’ is 
unattainable; to show the causes of errors that are 
now exploded, and the insufficiency of the arguments 
by which doubtful theories are still defended, — in 
fine, to draw a distinct line between what is certain 
and what is doubtful, — are some of the objects of this 
publication, which is intended for the use of those 
who, without being willing to occupy themselves 
with a detailed examination of the vast mass of evi- 
dence upon which the modern science of botany is 
founded, are, nevertheless, anxious to acquire a dis- 
tinct idea of the nature of that evidence. Another 
and not less important purpose has been to demon- 
strate, by aseries of well-connected proofs, that in no 
department of natural history are the simplicity and 
harmony that pervade the universe more strikingly 
manifest than in the vegetable kingdom, where the 
most varied forms are produced by the combination 
of a very small number of distinct organs, and the 
most important phenomena are distinctly explained 
by a few simple laws of life and structure. 

In the execution of these objects, I have followed 
very nearly the method recommended by the cele- 
brated Professor De Candolle, than whom no man is 
entitled to more deference, whether you consider the 
soundness of his judgment in all that relates to order 
and arrangement, or the great experience which a 
Jong and most successful career of public instruction 
has necessarily given him. 
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I have begun with what is called OrcanocrAPHy 
(Book I.) ; or an explanation of the exact structure of 
plants ; a branch of the subject which comprehends 
all that relates either to the various forms of tissue of 
which vegetables are constructed, or to the external 
appearance their elementary organs assume in a state 
of combination. It is exceedingly desirable that 
these topics should be well understood, because they 
form the basis of all other parts of the science. In 
physiology, every function is executed through the 
agency of the organs: systematic arrangements de- 
pend upon characters arising out of their consider- 
ation; and descriptive Botany can have no logical 
precision without the principles of Organography 
are first exactly settled. A difference of opinion 
exists among the most distinguished botanists, upon 
some points connected with this subject, so that it 
has been found expedient to enter occasionally into 
much detail, for the purpose of satisfying the student 
of the accuracy of the facts and reasonings upon 
which he is expected to rely. 

To this succeeds VEGETABLE PuysioLocy (Book 
II.); or the history of the vital phenomena that have 
been observed both in plants in general, and in par- 
ticular species, and also in each of their organs taken 
separately. It is that part of the science which has 
the most direct bearing upon practical objects. Its 
laws, however, are either unintelligible, or suscep- 
tible of no exact appreciation, without a previous 
acquaintance with the more important details of Or- 
ganography. Much of the subject is at present 
involved in doubt, and the accuracy of some of the 
conclusions of physiologists is inferred rather than 
demonstrated ; so that it has been found essential 
that the grouuds of the more popularly received 
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opinions, whether admitted as true or rejected as 
erroneous, should be given at length. 

In the first edition, this department was not so 
complete as I could have wished ; in the present, I 
have been enabled, chiefly by the aid of Professor 
De Candolle’s Physiologie, to extend, and, as I hope, 
to improve it very materially. 

Next followed in the first edition Taxonomy: or 
some account of the Principles of Classification ; — 
a very important subject, comprehending not only 
a view of the various methods of arrangement em- 
ployed by botanists in their systematic works, but an 
explanation of the principles by which the limits of 
genera and species are determined. It also shews 
the mode of obtaining a correct view of vegetation, 
of conducting the examination of unknown plants 
with precision, of avoiding errors in consequence of 
accidental aberrations from ordinary structure, and 
of forming a just estimate of the mutual relation 
that one part of the vegetable kingdom bears to 
another. 

But in the present edition I have entirely omitted 
this book : firstly, because of the great additions that 
have been made to other topics; and, secondly, be- 
cause it is extensive enough to form a work by itself. 
The whole of what was contained in this part of the 
first edition will be found incorporated with the pre- 
fatory matter of the second edition of the Zntroduction 
to the Natural System of Botany, now in preparation. 

After this, I have taken GiossoLocy (Book III.); 
or, as it was formerly called, Trrmino.oey ; restrict- 
ing it absolutely to the definition of the adjective 
terms, which are either used exclusively in Botany, 
or which are employed in that science in some parti- 
cular and unusual sense. The key to this book, and 
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also to the substantive terms explained in Organo- 
graphy, will be found in a copious index at the end of 
the volume. 

These topics exhaust the science considered only 
with reference to first principles; there are, however, 
a few others which it has been thought advisable to 
append, on account of their practical value. ‘These 
are, firstly, PayrocrapHy (Book IV.); or, an ex- 
position of the rules to be observed in describing and 
naming plants. As the great object of descriptions 
in natural history, is to enable every person to recog- 
nise a known species, after its station has been dis- 
covered by classification, and also to put those who 
have not had the opportunity of examining a plant 
themselves into possession of all the facts necessary 
to acquire a just notion of its structure and affinities ; 
it is indispensable that the principles of making 
descriptions should be clearly understood, both to 
prevent their being too general to answer the intended 
purpose, or more prolix than is really requisite. It 
is the want of a knowledge of these rules that renders 
the short descriptions of the classical writers of an- 
tiquity, and the longer ones of many a modern tra- 
veller, equally vague and unintelligible. In this 
place are inserted a few notes upon the formation of 
an herbarium. 

After this, has been introduced (Book V.) a sum- 
mary of the little which is known of the laws that 
regulate the distribution of plants upon the surface of 
the earth ; a question which, however indefinite and 
unsatisfactory our information may at present be, has 
begun to assume such an appearance as to justify the 
expectation, that future discoveries will explain the 
causes of the characters of vegetation being deter- 
mined, as they surely are, by climate. 
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Finally, the work is concluded by an exposition of 
what is called Morruotoey ; a subject which is in 
the vegetable, what Comparative Anatomy is in the 
animal kingdom, and which is by far the most im- 
portant branch of study after Elementary Anatomy 
and Vegetable Physiology. Organography itself is 
in all respects an exposition of the doctrines of Mor- 
phology ; but the novelty of the subject, and a per- 
suasion that it would be better understood if treated 
separately, has induced me to make it the subject of 
particular consideration. Unknown before the time 
of Linneeus, and first placed in its true light by the 
venerable poet Goéthe, it lay neglected for nearly 
thirty years, until, having been revived by Du Petit 
Thouars, De Candolle, Brown, and others, it has 
come to be considered the basis of all scientific 
knowledge of vegetable structure. 

It has been my wish to bring every subject that I 
have introduced down, as nearly as possible, to the 
state in which it is found at the present day. And 
I have in reality added a very considerable quantity 
of new matter to the present edition, which has passed 
so rapidly through the press, that it may be considered 
an exposition of the state of Botany up to Christmas 
1834, and in some respects up to the present day. 

In the statements I have made, I have uniformly 
endeavoured to render due credit to all persons for 
the discoveries by which they may severally have 
contributed to the advancement of the science; and 
if I have on any occasion either omitted to do so, or 
assumed to myself observations which belong to 
others, it has been unknowingly or inadvertently. It 
is, however, impracticable, and if practicable it would 
not be worth while, to remember upon all occasions 
from what particular sources information may have 
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been derived. Discoveries, when once communi- 
cated to the world, become public property: they 
are thrown into the common stock for mutual benefit; 
and it is only in the case of debatable opinions, or 
of any recent and unconfirmed observations, that it 
really interests the world that authorities should be 
quoted at all. In the language of a highly valued 
friend, when writing upon another subject : — ‘* The 
advanced state of a science is but the accumulation 
of the discoveries and inventions of many: to refer 
each of these to its author is the business of the 
history of science, but does not belong to a work 
which professes merely to give an account of the 
science as it is: all that is generally acknowledged 
must pass current from author to author.” * 


London, Aug. 1. 1835. 


* Brett’s Principles of Astronomy, p. v. 
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ORGANOGRAPHY; OR, OF THE STRUCTURE OF PLANTS. 


CHAPTER I. 


OF THE ELEMENTARY ORGANS. 


Ir plants are considered with reference to their internal 
organization, they appear at first sight to consist of a vast 
multitude of exceedingly minute cavities, separated by a 
membranous substance; more exactly examined, it is found 
that these cavities have a variety of different figures, and 
that each is closed up from those that surround it; if the 
inquiry is carried still farther, it will be discovered that the 
partitions between the cavities are all double, and that by 
maceration in water, or by other methods, the cavities with 
their enclosing membrane may be separated from each other 
into distinct bodies. ‘These bodies constitute what is called 
Vegetable Tissue, or Elementary Organs: they are the Simi- 
lary parts of Grew; the Tissu organique of Mirbel; and the 
Parties élémentaires, or Parties similaires, of De Candolle. 
The chemical basis of the elementary organs has been 
found to be oxygen, hydrogen, and carbon, with occasionally 
a little nitrogen or azote, combined in various proportions : 
their organic basis is membrane and fibre. The latter only 


are here to be considered. 
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It is the opinion of some that membrane only is the basis of 
the tissue of plants, and that fibre is itself a form of mem- 
brane. But as we find both developed in many of the most 
imperfectly organized plants, such as Scleroderma and other 
fungi, and as it is difficult to conceive how that can be a 
mere modification of membrane which is generated inde- 
pendently of it, which has no external resemblance to it, and 
which is obviously something superadded, it will be better to 
consider both membrane and fibre as the organic bases of 
vegetable tissue, rather than the former only. 

The membrane varies in its degree of transparency, being 
occasionally so exceedingly thin as to be scarcely discover- 
able, except by the little particles that stick to it, or by its 
refraction of light, and sometimes having a perceptible green 
colour, and a thickness which is considerable if compared 
with the diameter of the cavity it encloses. It is always ex- 
cessively thin when first generated; and whatever thickness it 
afterwards acquires must be supposed to be owing to the 
incorporation or incrustation of secreted matter. ‘This is 
represented by Mohl to take place in Palm-trees by the succes- 
sive addition of strata to the lining of the cavities of the cells ; 
but this requires verification. 

It generally tears readily, as if its component atoms do not 
cohere with greater force in one direction than another; but 
I have met with a remarkable instance to the contrary of this 
in Bromelia nudicaulis, in which the membrane of the cuticle 
breaks into little teeth of nearly equal width when torn. 
(Plate I. fig. 6.) Hence it may be conjectured, that what we 
call primitive membrane is itself the result either of primitive 
fibres completely consolidated, or of molecules originally dis- 
posed in a spiral direction, as Raspail supposes. (Chim. Org. 
p- 85.) 

It is in all cases destitute of visible pores; although, as it is 
readily permeable by fluids, it must necessarily be furnished 
with invisible passages. An opinion to the contrary of this 
has been held by some botanists, who have described the 
existence of holes or pores in the membrane of tissue, and 
have even thought they saw a distinct rim to them; but this 
idea, which probably originated in imperfect observation with 
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ill-constructed glasses, is now generally abandoned. The 
supposed pores, with their rim, have been ascertained to be, 
in many cases, nothing but grains of semi-transparent matter 
sticking to the membrane: this has been proved by Dutrochet, 
who found that boiling them in hot nitric acid rendered them 
opaque, and that dipping them in a solution of caustic potash 
restored their transparency,—a property incompatible with a 
perforation; and any one furnished with a good modern 
miscroscope may satisfy himself upon the point, without 
going through Dutrochet’s process; by simple movement in 
water the grains may be often detached. In other cases 
they may be thin spaces in the sides of tissue, such as might 
be produced by the adhesion and separation at regular inter- 
vals of a thread developed spirally within a membranous sac. ~ 
Such a view has been taken of them by Slack (Trans. 
Soc. Arts, xlix.), as will be explained at page 16. A nearly 
similar opinion was previously offered by Mohl, who considers 
the dots on the membrane of tissue to be thinner portions of 
it. He says it may be distinctly seen by the aid of a power- 
ful microscope that the little round orbs which are visible in 
the surface of membranes in the tissue of Palm-trees are’ pas- 
sages (meatus) in the thickness of the membrane, opening 
into the cavity of the cells, and closed externally by the mem- 
brane itself. He adds, that when dotted tissue is in contact, 
these passages are placed exactly opposite to each other. (Mar- 
tius Palm. Anat. v. col. 2.) | In-matters demanding such very 
delicate observation as this, it is excessively difficult to know 
what dependence can be placed upon the statements and draw- 
ings of even the most skilful anatomists. We must therefore 
wait for further evidence of these supposed facts before they 
can be received into the certain truths of science. It, however, 
occasionally happens that holes do exist in the membrane, of 
which mention will be made hereafter. 

Elementary Fibre may be compared to hair of inconceivable 
fineness, its diameter often not exceeding the rz'95 of an inch. 
It has frequently agreenish colour, but is more commonly trans- 

‘parent and colourless. It appears to be sometimes capable 
of extension with the same rapidity as the membrane among 
B 2 
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which it lies, and to which it usually adheres; but occasionally 
elongates less rapidly, when it is broken into minute portions, 
and is carried along by the growing membrane. In direction 
it is variable (Plates I. and II.); sometimes it is straight, 
and attains a considerable length, as in some fungi; some- 
times it is short and straight, but hooked at the apex, as in the 
lining of the anther of Campanula; occasionally it is straight, 
and adheres to the side of membrane, as in the same part 
in Digitalis purpurea; but its most common direction is spiral. 
Whether it is solid or hollow has not been fully demonstrated ; 
Purkinje asserts that it is hollow, as will be hereafter men- 
tioned; but there can be no doubt that it is also, at least 
sometimes, solid, as in the fibrous bladders of the leaf of Onci- 
dium altissimum; it is the opinion of many that it is hollow 
in the case of spiral vessels. Elementary Fibre has a constant 
tendency to anastomose, in consequence of which reticulated 
appearances are frequently found in tissue. Slack adds that 
it sometimes branches. 

The forms under which the elementary organs are seen are, 
1. Cellular tissue; 2. Woody tissue; and, 3. Vascular tissue. 

It is almost certain that all these forms arein reality modifica- 
tions of one common type, namely, the simple cell, however 
different they may be from each other in station, function, or 
appearance. For, in the first place, we find them all developed 
in bodies that originally consisted of nothing but cellular tissue ; 
a seed, for instance, is an aggregation of cells only; after its 
vital principle has been excited, and it has begun to grow, woody 
tissues and vessels are generated in abundance. We must, there- 
fore, either admit that all forms of tissue are developed from the 
simple cell, and are consequently modifications of it ; or we must 
suppose, what we have no right to assume, that plants have a 
power of spontaneously generating woody and vascular tissue 
in the midst of the cellular. Mirbel has lately reduced the first 
of these suppositions to very nearly a demonstration; in a 
most admirable memoir on the developement of Marchantia he 
speaks to the following effect. ‘I at first found nothing but a 
mass of tissue composed of bladders filled with little green balls. 
Of these some grew into long slender tubes, pointed at each 
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end, and unquestionably adhering by one of their ends to the 
inside of the sac; others from polygons passed to a spherical 
form in rounding off their angles. As they grew older, other 
very important changes took place in certain cells of the ordi- 
nary structure, which had not previously undergone any alter- 
ation : in each of these there appeared three or four rings 
placed parallel with each other, adhering to the membrane, 
from which they were distinguished by their opaqueness ; 
these were altogether analogous to annular ducts. The cells 
become tubes did not at first differ from other cells in any 
thing except their form ; their sides were uniform, thin, colour- 
less, and transparent; but they soon began to thicken, to lose 
their transparency, and to be marked all round from end to 
end with two contiguous parallel streaks disposed spirally. 
They then enlarged, and their streaks became slits which cut 
the sides of the tubes from end to end into two threads, whose 
circumvolutions separated into the resemblance of a gun- 
worm.’ In these cases there can, I think, be little doubt that 
the changes witnessed by Mirbel were chiefly owing to the 
developement of a spiral thread in the inside of the tissue; he, 
however, did not consider it in that light. 

But however clearly the origin of the different forms of tissue 
may be shown to be identical, it is obviously important to dis- 
tinguish them for practical purposes. I shall therefore pro- 
ceed henceforward to speak of them as if they were totally 
distinct in their origin. 


Secr. I. Of Cellular Tissue. 


CELLULAR, UrrRIcULAR, or VESICULAR tissue, generally, con- 
sists of little bladders or vesicles of various figures, adhering 
together in masses. Occasionally it seems to be composed of 
fibre only, unconnected by membrane. It is transparent, and 
in all cases colourless: when it appears otherwise, its colour is 
caused by matter contained within it. 

If a thin slice of the pith of elder, or any other plant, be 
examined with a microscope, it will be found to have a sort of 
honeycomb appearance, as if there were a number of hexagonal 
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cavities, separated by partitions (fig. 1.). These little cavities 
are the inside of bladders of cellular tissue; and the partitions 
are caused by the cohesion of their sides, as may be easily 
proved by boiling the pith a short time, when the bladders 
readily separate from each other. In pulpy fruits, or in those 
which have their cellular tissue in a loose dry state when ripe, 
the bladders may be readily separated from each other without 
boiling. It was formerly thought that cellular tissue might be 
compared to the air bubbles in a lather of soap and water ; 
while by some it has been supposed to be formed by the 
doublings and foldings of a membrane in various directions. 
On both these suppositions, the partitions between the cells 
would be simple, and not composed of two membranes in a 
state of cohesion ; but the facility with which, as has just been 
stated, the cellules may be separated, sufficiently disproves 
these opinions. It is probable, however, that although the 
double nature of the partitions in cellular tissue may be 
demonstrated, yet that the cellules usually grow so firmly 
together, that their sides really form in their union but one 
membrane. 

The bladders of cellular tissue are destitute of all perforation or 
visible pores, so that each is completely closed up from its neigh- 
bour, as far as we can see; although, as they have the power of 
filtering fluids with rapidity, it is certain that they must abound 
in invisible pores, and that they are not impermeable, as if they 
were made of glass. An opinion different from this has been 
and is still entertained by some observers, who have described 
and figured perforations of the membrane in various plants. 
Mirbel states that “the sides of the bladders are sometimes 
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2 yiddled full of holes (_fig.2.), the aperture of which 
does not exceed the ;{5 of a millimetre (or of 
half a line) ; or are less frequently pierced with 
transverse slits, which are occasionally 
so numerousas to transform the bladders 
into a real articulated tissue, as in the 
pith of the Nelumbium (jig. 3.).” This 
statement is now well known to have 
been founded upon inaccurate observation; what the 4% 
supposed pores really are has already been explained. (See 
p- 3.) 

With reference to this subject, it may be also observed, that 
the bladders often contain air-bubbles, which appear to have 
no direct means of escape, and that the limits of colour 
are often very accurately defined in petals, as, for instance, in 
the stripes of tulips and carnations, which could not be the 
case if cellular tissue were perforated by such holes as have 
been described ; for in that case colours would necessarily run 
together. 

One of the most striking instances with which I am ac- 
quainted, of cellular tissue having the appearance of pores, is 
in Calycanthus, where it was pointed out to me by Mr. Va- 
renne. (Plate I. fig. 1.) But even in this, a careful ex- 
amination with glasses of different magnifying powers shows 
that the apparent pores are certainly not such, but composed of 
a solid substance, which may be distinctly seen by varying the 
direction of the rays of the transmitted light with which it 
is viewed. Sometimes they appear like luminous points; by 
a little alteration of light they acquire a brownish tint; and if 
seen with the highest powers of a compound microscope, where 
there is a great loss of light, they become perfectly opaque. 

Cellular tissue is always transparent and colourless, or at 
most only slightly tinged with green. The brilliant colours 
of vegetable matter, the white, blue, yellow, scarlet, and other 
hues of the corolla, and the green of the bark and leaves, is 
not owing to any difference in the colour of the bladders, but 
to colouring matter of different kinds which they contain. 
In the stem of the Garden Balsam (Impatiens balsamina), a 
single cell is frequently red in the midst of others that are 
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colourless. Examine the red bladder, and you will find it 
filled with a colouring matter of which the rest are destitute. 
The bright satiny appearance of many richly coloured flowers 
depends upon the colourless quality of the tissue. Thus, in 
Thysanotus fascicularis, the flowers of which are of a deep 
brilliant violet, with a remarkable satiny lustre, that appear- 
ance will be found to arise from each particular cell containing 
a single drop of coloured fluid, which gleams through the 
white shining membrane of the tissue, and produces the flick- 
ering lustre that is perceived. Colouring matter of the cellular 
tissue is frequently fluid, but is in the leaves and other parts 
more commonly composed of granules of various sizes: this is 
particularly the case in all green parts; in which the granules 
lie amongst greenish liquid, the latter of which, as the cells 
grow older, dries up, while the granules themselves gradually 
change to olive green, and finally to brown. 

Kieser distinguishes three sorts of globules among tissue : 
— 1. Round extremely transparent bodies, of a more or less 
regular figure, found principally in young plants and in coty- 
ledons, and soluble in boiling water ; it is these that constitute 
starch or feecula. 2. Globules of a small size, a more irre- 
gular figure, and coloured either green or some other tint. 
They are not soluble in water, but are so in alcohol; but 
when dissolved, their matter is not precipitated by the addition 
of water, on which account they are distinguishable from 
resinous substances. 3. Extremely small round bodies, vary- 
ing in colour, and found floating in the proper juices of 
vegetables. 

The first mentioned granules are what Turpin calls Globu- 
line. He believes them to be young cellules, and that it is 
from them that new tissue is developed. ‘There does not, 
however, appear to be any sufficient evidence of this, which 
must be considered at present mere hypothesis. It has, how- 
ever, been substantially adopted by Raspail, who asserts that 
each such granule has a point of attachment, by which it ad- 
heres to the lining of its mother cell; that it is by the 
developement of such granules and their mutual pressure that 
eellular tissue is produced; and that all the varied forms 
assumed by the organs of plants may be explained by refer- 
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ence to this principle. He further supposes, that each such 
granule is one of the elementary molecules of the membrane of 
the tissue, in a state of developement. Those who are curious 
to know the exact nature of these speculations, should consult 
the memoir of Turpin, in the Mémoires du Muséum, vol. xviii. 
p- 212., and Raspail’s Nouveau Systéme de Chimie Organique, 
p-83. The mode in which cellular or any other tissue is really 
formed has been clearly made out in two separate cases. 
Amici found that the new tubes of Chara appear like young 
buds, from the points or axils of pre-existing tubes, an ob- 
servation which has been confirmed by Slack. It has been 
distinctly proved by Mirbel that the same thing occurs in the 
case of Marchantia polymorpha. ‘That learned botanist, in 
the course of his enquiries into the structure of this plant, 
may be said to have assisted at the birth of its cellular tissue ; 
and he found that in all cases one tube or utricle generated 
another, so that sometimes the membranes of newly-formed 
tissue had the appearance of knotted or branched cords. He 
satisfied himself that new parts are formed by the generative 
power of the first utricle, which spontaneously engenders others 
endowed with the same property. 

The bladders develope, in some cases, with great rapidity. I 
have seen Lupinus polyphyllus grow in length at the rate of an 
inch and a half a day. The leaf of Urania speciosa has been 
found by Mulder to lengthen at the rate of from one and a 
half to three and a half lines per hour, and even as much as from 
four to five inches per day. ‘This may be computed to equal 
the developement of at least 4000 or 5000 bladders per hour. 
But the most remarkable instances of this sort are to be found 
in the mushroom tribe, which in all cases develope with sur- 
prising rapidity. It is stated by Junghuns, that he has known 
the Bovista giganteum, in damp warm weather, grow in a 
single night from the size of a mere point to that of a huge 
gourd. We are not further informed of the dimensions of this 
specimen; but supposing its cellules to be not less than the 
shy of an inch in diameter, and I suspect they are nearer the 
s'yo9 1t may be estimated to have consisted, when full grown, 
of about 47,000,000,000 cellules ; so that, supposing it to have 
gained its size in the course of twelve hours, its bladders must 
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have developed at the rate of near 4,000,000,000 per hour, 
or of more than sixty-six millions in a minute. 7 

The bladders of cellular tissue are always very small, but are 
exceedingly variable in size. The largest are generally found 
in the gourd tribe (Cucurbitaceze), or in pith, or in aquatic 
plants; and of these some are as much as the 51; of an inch in 
diameter ; the ordinary size is about the ;$5 or the =1,, and 
they are sometimes not more than the 7,55. Kieser has 
computed that in the garden pink more than 5100 are con- 
tained in half a cubic line. 

Cellular tissue is found in three essentially different states, 
the membranous, the fibrous, and the vasiform. 

MemBrRANOUS CELLULAR T'ssvE is that in which the sides 
consist of membrane only, without any trace of fibre; it is 
the most common, and was, till lately, supposed to be the 
only kind that exists. ‘This sort of tissue is to be considered 
the basis of vegetable structure, and the only form indispens- 
able to a plant? Many plants consist of nothing else; and 
in no case is itever absent. It constitutes the whole of Mosses, 
Algee, Fungi, Lichens, and the like; it forms all the pulpy 
parts, the parenchyma of leaves, the pith, medullary rays, and 
principal part of the bark in the stem of Exogens, the soft 
substance of the stem of Endogens, the delicate membranes ot 
flowers and their appendages, and both the hard and soft parts 
of fruits and seeds. 

It appears that the spheroid is the figure which should be 
considered normal or typical in this kind of issue; for that is 
the form in which bladders are always found when they are 
generated separately, without exercising any pressure upon 
each other; as, for example, is visible in the leaf of the white 
lily, and in the pulp of the strawberry or of other soft fruits, 
or in the dry berry of the jujube. All other forms are con- 
sidered to be caused by the compression or extension of such 
spheroids. 

When a mass of spheroidal bladders is pressed together 
equally in all directions, rhomboidal dodecahedrons are pro- 
duced, which, if cut across, exhibit the appearance of hexa- 
gons. (Plate I. fig. 12.) This is the state in which the tissue 
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is found in the pith of all plants; and the rice paper, sold in 
the shops for making artificial flowers, and for drawing upon, 
which is really the pith of a Chinese plant, is an excellent 
illustration of it. Ifthe force of extension or compression be 
greater in one direction than another, an endless variety of 
forms is produced, of which the following are the most worth 
noticing : — 

1. The oblong; in the stem of Orchis latifolia, and in the 
inside of many leaves. (Plate I. fig. 9.) 

2. The lobed (Plate I. fig. 2. f); in the inside of the leaf of 
Nuphar luteum, Lilium candidum, Vicia Faba, &c.: in this 
form of cellular tissue the vesicles are sometimes oblong with 
a sort of leg or projecting lobe towards one end; and some- 
times irregularly triangular, with the sides pressed in and the 
angles truncated. ‘They are well represented in the plates of 
Adolphe Brongniart’s memoir upon the organisation of Leaves, 
in the Annales des Sciences, vol. xxi. 

3. The square; in the cuticle of some leaves, in the bark of 
many herbaceous plants, and frequently in pith. (Plate I. 
fig. 13.) 

A. The prismatical; in some pith, in liber, and in the vici- 
nity of vessels of any sort. (Plate I. fig. 6.) 

5. The cylindrical (Plate I. fig. 8. a); in Chara; this has 
been seen by Amici so large, that a single bladder measured 
four inches in length and one third of a line in diameter. 
(Anan. des Sciences, vol. ii. p. 246.) 

6. The fusiform or the oblong pointed at each end; in 
wood, and in the membrane that surrounds the seed of a 
Gourd. ‘These are what Dutrochet calls clostres. (Plate IL. 
fig. 19. 8.; Plate I. fig. 5.) 

7. The muriform; in the medullary rays. ‘This consists of 
prismatical bladders compressed between woody fibre or 
vessels, with their principal diameter horizontal, and in the 
direction of the radii of the stem. It is so arranged that 
when viewed laterally it resembles the bricks in a wall; 
whence its name. (Plate I. fig. 7.) 

8. ‘The compressed ; in the cuticle of all plants. Here the 
bladders are often so compressed as to appear to be only a 
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single membrane.- (Plate I. fig. 2.a; Plate III. fig. 3, 4, 
&e.) | | 

9. The sinuous; in the cuticle, and also sometimes beneath 
it, as in the leaf of Lilium candidum. (Plate III. fig. 5.) - 

Cellular tissue is frequently called Parenchyma. Professor 
Link distinguishes Parenchyma from Prosenchyma ; referring 
to the former all tissue in which the bladders (Plate I. fig. 1. 
3. 6, 7, &c.) have truncated extremities; and to the latter, 
forms of tissue in which the bladders taper to each end, and, 
consequently, overlap each other at their extremities. (Plate II. 
fig. 8. 19.) 

FIBRO-CELLULAR TIssuE is that in which the sides are 
composed either of both membrane and fibre together, or of 
fibre only. 

It is only lately that this kind has been recognised. The 
first observation with which I am acquainted is that of Mol- 
_denhauer, who, in 1779, described the leaves of Sphagnum as 
marked by fibres twisted spirally. (Fig. 1. a, p. 6.) Link 
afterwards stated, that the supposed fibres were nothing but 
the lines where small cells contained in a larger one unite to- 
gether; and his opinion was received. It is nevertheless cer- 
tain, that the tissue of Sphagnum is as Moldenhauer described 
it. In November, 1827, I described the tissue of Maurandya 
Barclayana as consisting of bladders formed of spiral threads 
crossing each other, interlaced from the base to the apex, and 
connected by a membrane. A few other solitary cases of this 
kind of tissue had subsequently been observed when the ad- 
mirable investigation of a modern anatomist suddenly threw 
an entirely new light upon the subject. 

Instead of being very rare, cellular tissue of this kind 
appears to be found in various parts; it has been already 
mentioned as existing in the leaves of Sphagnum; it is also 
found in the pith of Rubus odoratus. I originally discovered 
it in the parenchyma of the leaves of Oncidium altissimum, 
and in the coat of various seeds. Mr. Griffith has detected 
it abundantly in the aérial roots of Orchideous plants, observ- 
ations since confirmed by Brown; and Purkinje has shown, 
by a series of excellent observations and drawings, that it 
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constitutes the lining of the valves of almost all anthers. The 
forms under which it exists in these parts are far more various 
than those of membranous cellular tissue. The principal 
varieties are these :— 


A. Membrane and Fibre combined. 


1. Fibres twisted spirally, adhering to a spheroidal or angu- 
lar membrane, and often anastomosing irregularly, without the 
spires touching each other. (Plate I. fig. 12.) This is what 
is found in Oncidium altissimum leaves, in the aérial roots of 
some Orchideous plants, in the lining of many anthers, and is 
what Mohl has figured (Ueber die Poren, Sc. tab. i. fig. 9.), 
from the pith of Rubus odoratus. It approaches very nearly 
to the nature of spiral vessels, hereafter to be described, and 
appears only to be distinguishable by the spires of the fibres 
not being in contact, being incapable of unrolling, having no 
elasticity or tenacity; and by the bladders not being cylindri- 
cal and tapering to each end, but spheroidal. 

2. Fibres crossing each other spirally, and forming a reti- 
culated appearance by their anastomosing within oblong blad- 
ders. Of this nature are the reticulated cells of the seed-coat 
of Maurandya Barclayana, Wightia gigantea, and the like. 
(Plate I. fig. 11.) 

3. Fibres running spirally close together, except at certain 
places where they separate and leave between them small 
spaces, which appear like dots. 

4. Fibres running spirally, but completely grown together 
except at certain spaces where they separate and leave small 
dot-like spaces. This and the last have been noticed by Mr. 
Valentine in Orchideous plants, and have been extremely 
well figured by Slack. (Trans. Soc. Arts, vol. xlix. ¢. 6, 
f 5, 6.) 

5. Fibres running straight along the sides o truncated 
cylindrical cells in the anthers of Calla athiopica and many 
other plants. (Plate I. fig. 13.) 

6. Fibres running transversely in parallel lines round three 
of the sides of prismatical right-angled cells, in the anthers 
of Nympheeaceze, &c. 
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7. Fibres very short, attached to the sides of cells of various 
figures, to which they give a sort of toothed appearance, as in 
the anther of Phlomis fruticosa and other Labiate. (Plate I. 
fig. 15.) 

The last three were first noticed by Purkinje. 

8. The fibre twisted spirally, in the open membranous 
tubes that form the elaters of Jungermannia, apparently 
constitutes another form of tissue of this order. (Plate I. 
fig. 17.) 


B. Fibre without Membrane.* 


9. Spiral fibres repressed by mucus, but having sufficient 
elasticity to uncoil when the mucus is dissolved, and then 
breaking up into rings. (Plate I. fig. 16.) These are what 
are found in the seed-coat of Collomia linearis. ‘They approach 
spiral vessels so very nearly, that when I originally discovered 
them I mistook them for such. ‘They are known by their 
roundish or depressed figure when at rest, and by the want 
of an inclosing membrane, and by their brittleness when un- 
coiled. 

10. Fibres short, straight, and radiating, so as to form little 
starlike appearances, found in the lining of the anthers of 
Polygala Chamzebuxus, &c. by Purkinje. (Plate I. fig. 19.) 

11. Fibres originating in a circle, curving upwards into a 
sort of dome, and uniting at the summit, observed by the 
same anatomist in the anthers of Veronica perfoliata, &c. 

12. Fibres standing in rows, each distinct from its neigh- 
bour, and having its point hooked, so that the whole has some 


* Tt isnot improbable that this form was in the beginning of its growth 
composed of membrane. Mirbel has indeed shown that the curious cells 
which line the anther of the common gourd are continuous membranes till 
just before the expansion of the flower, when they very suddenly enlarge, 
and their sides divide into narrow ribands or threads, curved in almost 
elliptical rings which adhere to the shell of the anther by one end; these 
rings are placed parallel with each other in each cell, to which they give an 
appearance like that of a little gallery with two rows of pilasters, the 
connecting arches of which remain after the destruction of the roof and 
walls. 
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resemblance to the teeth of a currycomb, in the anthers of 
Campanula; first noticed by Purkinje. (Plate I. fig. 18.) 

13. Fibres forming distinct arches, as seen in the anthers of 
Linaria cymbalaria, &c. by Purkinje. (Plate I. fig. 4.)* 

VasiIFoRM CELLULAR TissuE (Tubes poreux, Vaisseaux en 
chapelet, Mirbel; Tubes corpusculiféres of Dutrochet.) Tissue 
of this kind consists of tubes whose sides are marked with nu- 
merous dots, arranged in a more or less spiral manner, and 
which are divided internally by transverse partitions. Usually, 
in addition to the dots, there is distinctly visible an oblique or 
annular transparent line upon the walls of the tube. (Ptate II. 
fig. 15.17.) Hence Kieser viewed themas spiral vessels, the spires 
of which, when old, elongate, and become connected by adotted 
membrane. Bischoff, on the contrary, considers the dots to 
be caused by the separation of a spiral fibre into extremely 
minute portions; and he gives a figure (Plate II. fig. 16.) of 
the manner in which he considers this change to occur. 

It is certain, however, that this kind of tissue, which has 
been called the dotted duct, is really a modification of cellular 
rather than of vascular tissue, as was long since asserted by 
Du Petit Thouars (Ann. des Sciences, vol. xxi. p. 224.); for 
the following reasons: — If it were such a modification of the 
spiral vessel as Kieser supposes, it would have none of those 
internal partitions by which it is particularly known. The 
same remark applies to the theory of Bischoff, which is also 
imperfect, in not accounting for the nature of the transverse 
transparent lines that mark the sides of the so-called dotted 
ducts. Besides, this tissue always terminates abruptly, not in 
acute cones, as has been seen by myself, and as was first well 
represented by Griffith, in his excellent illustrations of the 
anatomy of Phytocrene (Plate II. fig. 19, 20.), and it 
readily separates at the partitions; none of which properties 


* According to the last mentioned author, the fibres themselves are 
generally tubular, and either perfectly round or somewhat compressed, or 
even three or four sided. He considers it proved that they are hollow, by 
their appearance when compressed, by their occasionally containing bub- 
bles of air, and by the difference between their state when dried and when 
recent. 
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are those of a spiral vessel. ‘That the partitions really exist, 
as has been correctly stated by Dutrochet, there can be 
no doubt, notwithstanding the denial of the fact by Link and 
others. They may be seen with the naked eye in the vasiform 
tissue of the Cane, the Bamboo, and many other plants. 

Vasiform tissue is therefore to be considered composed of 
cylindrical cells, the stdes of which are covered with oblong 
granules, looking like dots, and arranged with their principal 
axis across the tube, and the united ends of which cause the 
partitions discoverable upon a longitudinal section. It is these 
partitions, moreover, that produce the external appearance of 
transverse transparent lines. 

Slack takes, however, a somewhat different view of the 

nature of the dots. He considers them to be transparent 
spaces in the sides of the cells, and caused by the separation, 
at intervals, of a spiral fibre whose convolutions are partially 
and firmly united in the spaces between the dots; and he re- 
presents a case of vasiform tissue from Hippuris in illustration 
of his position, ‘This is a very ingenious explanation, and 
perhaps the true one, of what is a most puzzling circumstance, 
if the dots are really granules, viz. the great regularity with 
which they are arranged. But it requires further confirm- 
ation. ; 
The vasiform is the largest of all kinds of tissue. The holes 
which are so evident to the naked eye, in a transverse section 
of the oak or the vine, are its mouths; and the large openings 
in the ends of the woody bundles of Monocotyledonous stems, 
as in the Cane, are also almost always caused by the section 
of vasiform tissue. ‘The stems of Arundo Donax, or of any 
larger grass, is an excellent subject for seeking it in; it can be 
readily extracted from them when boiled. 


In the centre of some of the bladders of the cellular tissue of 
many plants there is a roundish nucleus, apparently consisting 
of granular matter, the nature of which is unknown. It was 
originally remarked by Francis Bauer, in the bladders of 
the stigma of Phaius Tankervilliz. A few other vegetable 
anatomists subsequently noticed its existence; and Brown, 
in his Memoir on the mode of impregnation in Orchideze and 
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Asclepiadese, has made it the subject of more extended observ- 
ation. According to this gentleman, such nuclei not only 
occasionally appear on the cuticle of some plants (Plate III. 
fig. 9.), in the pubescence of Cypripedium and others, and in 
the internal tissue of the leaves, but also in the cells of the 
ovule before impregnation. It would seem that Brown con- 
siders stomates to be formed by the juxtaposition of two of 
these nuclei. (See also Slack, in the Trans. Soc. Arts, xlix.) 


Secr. II. Of Woody or Ligneous Tissue. 
Tus (Vasa jibrosa, Lat.; Petits tubes, Mirb.; Tissu cellu- 


laire allongé or ligneux, Fr.; Vaisseaux propres fasciculaires, 
Mirb.; Lignee fistule, Malpighi; Fasergefdsse, or Bastrohren, 
Germ.) consists of very slender transparent membranous 
_ tubes, tapering acutely to each end, lying in bundles, and, 
- like the cellular tissue, generally having no direct communi- 
cation with each other, except by invisible pores. (Plate II. 
fig. l.a, b; 2.5.a, &e.) Slack states, that they are often met 
with open at their extremities; ‘ which probably arises either 
from the membrane being obliterated where it was applied to 
another fibre, or ruptured by the presence of an adjoining 
cell, as we sometimes find the conical extremity of another 
tube inserted into the aperture.” 

Many vegetable anatomists consider it a mere form of cel- 
lular tissue, in an elongated state. However true this may be 
in theory, woody ‘tissue may be known by its elongated figure 
and extremely attenuated character *; usually it has no sort 
of markings upon its surface, except occasionally a particle or 
two of greenish matter in its inside; but sometimes it is 
covered with spots that have been mistaken for pores, and 
that give it a peculiar character (Plate II. fig. 3. and 4.); 
and I have remarked an instance, in Oncidium altissimum, of 


* The distinction between cellular tissue and woody fibre is more pro- 
nounced in the long club-shaped aérial radicle of Rhizophora Candelaria, 
than in any plant with which I am acquainted. It there consists of large, 
very long, transparent tubes, lying imbedded in fine brownish granular 
matter, which is minute cellular tissue. 

Cc 
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its having tubercles on its surface. (Plate II. fig. 2.) Gene- 
rally, while cellular tissue is brittle, and has little or no cohe- 
sion, woody tissue has great tenacity and strength; whence its 
capability of being manufactured into linen. Every thing 
prepared from flax, hemp, and the like, is composed of woody 
tissue; but cotton, which is cellular tissue, bears no comparison, 
as to strength, with either flax or hemp. 

Alphonse De Candolle gives the following as the result ob- 
tained by Labillardiere, as to the relative strength of different 
organic fibres. He found that, in suspending weights to 
threads of the same diameter, 

Silk supported a weight equal to . . 34 
New Ficaland Tax, SS ee 
pa Le i) OM | Sia Pam eer er ag Soe as ie | 
et See a ae ge hits he eee 
Pita flax (Agave Americana), . . . 7 

That even the most delicate woody tissue consists of tubes, 
may be readily seen by examining it with a high magnifying 
power, and also by the occasional detection of particles of 
greenish matter in its inside. (Plate II. fig. 2.6.) <A very 
different opinion has nevertheless been held by some physio- 
logists, who have thought that the woody tissue is capable of 
endless divisibility. ‘ When,” says Duhamel, “I have ex- 
amined under the microscope one of the principal fibres of a 
pear tree, it seemed to me to consist of a bundle of yet finer 
fibres; and when I have detached one of those fibres, and sub- 
mitted it to a more powerful magnifying power than the first, 
it has still appeared to be formed of a great number of yet 
more delicate fibres.” (Physique des Arbres, i. 57.) ‘Yo this 
opinion Du Petit Thouars assents, conceiving the tenuity of a 
fibre to be infinite, as well as its extensibility. (Zssazs sur la 
Végétation, p. 150.) These views have doubtless arisen from 
the use of very imperfect microscopes; under low powers of 
which such appearances as Duhamel describes are visible; 
but with modern glasses, and after maceration in nitric acid, 
or even in pure water, each particular tube can be separated 
with the greatest facility. Their diameter is often very much 
less than that of the finest human hair; the tubes of hemp, 
for example, when completely separated, are nearly six times 
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smaller. It must, however, be observed, that the fibres of 
this plant, as used in linen-making, are by no means in a 
state of final separation, each of the finest that meets the 
naked eye being in reality a bundle of tubes. While some do 
not exceed 3545 of an inch in diameter, others have a diameter 
as considerable as that of ordinary cellular tissue itself; in 
Coniferze the tubes are often $5 or z}9, and in the Lime they 
average about =+,. Link states (Hlementa, p. 85.) that they 
are very large in trees of hot countries, as, for instance, the 
Brazilian coffee. 

There are three distinct kinds of woody tissue : — 

1. That in which the walls are not occupied with either 
granules or glands sticking to them, or in which the former 
are of very rare occurrence. (Plate II. fig. 1.) This is the 
finest and the commonest of all; and is also the most genuine 
state of woody tissue. 

2. That in which the walls have uniformly considerable 
numbers of granules of regular size sticking to them in a 
scattered manner. (Plate II. fig. 3, 4, 5.) These granules 
have been and are still considered by many anatomists as 
pores in the sides of the tissue. ‘They have been, in parti- 
cular, so described and represented lately by Adolphe Bron- 
gniart in Cycadeze, in which the tubes are large, and the 
appearance very conspicuous. (Annales des Sciences, vol. xvi. 
tab. 21.) But I think it possible to demonstrate that this is 
an optical deception, and that the supposed perforations are 
semitransparent granules. In the first place, no colourless 
light passes through the supposed pores in any case; on the 
contrary, they are dark, and have a solid appearance at all 
times, except when, at a certain distance out of the focus of 
the microscope, they become luminous. Secondly, if they 
were holes, they would, at least, be seen open when the tissue 
is dry and contracted, although they might close up when it 
becomes swollen with moisture. That, however, they never are : 
on the contrary, they are more opaque when dry than when wet. 
Thirdly, they become more and more opaque as the magnify- 
ing power with which they are viewed is increased; a circum- 
stance which seems incompatible with perforations. Finally, 
and it is this which will possibly be regarded most conclusive, 

c 2 
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if the tissue of Zamia be allowed to remain macerating for 
some time in dilute nitric acid, the apparent pores disappear : 
that is to say, the granules that cause the appearance of per- 
forations are dissolved. It has been thought that such ap- 
pearances as these were confined to Cycadeze and Coniferee ; 
but I suspect that they are far from uncommon in other fami- 
lies. Such tissue constitutes a considerable part of the wood 
of Calycanthus (Plate II. fig. 4.), as has been already noticed; 
and it is abundant in Bragantia. ‘This kind of tissue might 
be called granular woody tissue: it approaches very nearly to 
the character of vasiform tissue, into which, in Zamia, it seems 
to pass by almost insensible transitions. It may, however, be 
known either by its very acuminated extremities, or by its 
granules not being arranged in a spiral manner. 

3. The third kind of woody tissue is the glandular. ‘This 
has hitherto only been noticed in Coniferze, in which it is uni- 
formly found in every species. Its dimensions are more con- 
siderable than that of either of the last-mentioned forms; and, 
like the second, it has been described as perforated with pores. 
It differs from granular woody tissue in the markings of the 
tubes being vesicular, and usually transparent, with a dark- 
ened centre (Plate II. fig. 5, 6. 8.), which last is what has 
been described as a pore, the vesicle itself being considered a 
thickened rim. Kieser figures the glands as pores, both in Pine- 


wood (jig. 4.), 
and in Ephedra 


) (fig. 5.), and in 
other cases also. 
They may be 
| most conveni- 
ently found by examining a chin shaving of common Pine- 
wood (Pinus Strobus) with a microscope, when they will be 
seen in the form of transparent globules, having a dark 
centre, and placed upon the walls of the tissue. That these 
globules are not pores, seems to me to be proved thus: they 
are flaccid when dry, and distend when moistened, which is 
not the property of a pore; their centre is more generally 
opaque than transparent, which is also not the property of a 
pore; they may be torn through the middle without any hole 
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becoming visible; and, finally, they may sometimes be de- 
tached from the tissue (Plate II. fig. 7.), or fall away spon- 
taneously. In the latter case they leave a hole in the tissue at 
the place where they grew; and holes thus occasioned misled 
Kieser into the belief that the woody fibre of Ephedra was 
really pierced with pores of considerable magnitude. An 
illustration of the manner in which these perforations are 
caused will be found in Plate II. fig. 7. 

A different explanation is given by Mohl, whose observa- 
tions have been confirmed by Unger. In the opinion of these 
anatomists, the supposed glands of coniferous tissue are circu- 
lar spaces, where the membrane of the tube becomes abruptly 
extremely thin; and it is said that transverse slices of coni- 
ferous wood, made at an angle of 45°, demonstrate the fact. 

Adolphe Brongniart has rightly stated, that there exists in 
Gnetum Gnemon a form of tissue exactly the same as in 
Coniferze. (Voyage de Freycinet.) Ina species of that genus 
collected in Tavoy by Dr. Wallich, the glands are very con- 
spicuous. (Plate II. fig. 5.) 

Woody tissue constitutes a considerable proportion of the 
ligneous part of all plants; it is common in bark, and it forms 
the principal portion of the veins of leaves, to which it gives 
stiffness and tenacity. 


Secr. II. Of Vascular Tissue. 


VASCULAR tissue consists of simple membranous tubes ta- 
pering to each end, but often ending abruptly, either having 
c 3 
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a fibre generated spirally in their inside, or having their walls 
marked by transverse bars arranged in a spiral direction. 

Such appears to me to be the most accurate mode of de- 
scribing this kind of tissue, upon the exact nature of which 
anatomists are, however, much divided in opinion; some be- 
lieving that the fibre coheres independently of any membrane, 
others doubting or denying the mode in which the vessels ter- 
minate; some describing the vessels as ramifying ; and a fourth 
class ascribing to them pores and fissures, as we have already 
seen has been done in cellular and woody tissue. It will 
be most convenient to consider all these points separately, 
along with the varieties into which vascular tissue passes. 

There are two principal kinds of vascular tissue; viz. spiral 
vessels (Plate II. fig. 9. 11.), and ducts (Plate II. fig. 13. 15, 
16. 18. 20.) 

SPIRAL VESSELS (fig. 6, 7.) (Vasa spiralia, Lat.; Trachee of 
many; Listule spirales of Malpighi; Spiralgefdsse or Schrau- 
bengefdsse, Germ. ;) are membranous tubes with conical extre- 
mities; their inside being occupied by a fibre twisted spirally, 
and capable of unrolling with elasticity. To the eye they, when 
at rest, look like a wire twisted round a cylinder that is after- 
wards removed. For the purpose of finding them for examin- 
ation, the stalk of a strawberry leaf, or a young shoot of the 
Cornus alba (common dogwood) may be conveniently used ; 
in these they may be readily detected by gently pulling the 
specimen asunder, when they unroll, and appear to the naked 
eye like a fine cobweb. 

Very different opinions have been entertained as to the 
exact structure of spiral vessels. They have been considered 
to be composed of a fibre only, twisted spira'ly, without any 
connecting membrane; or to have their coils connected by an 
extremely thin membrane, which is destroyed when the vessel 
unrolls; or to consist of a fibre rolled round a membranous 
cylinder; or even, and this was Malpighi’s idea, to be formed 
by a spiral fibre kept together as a tube by interlaced fibres. 
Again, the fibre itself has been by some thought to be a flat 
strap, by others a tube, and by a third class of observers a 
kind of gutter formed by a strap having its edges turned a 
little inwards. Finally, the mode in which they terminate, 
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although formerly stated by Mirbel to be continuous with the 
cellular tissue, is so little known, that the learned De Can- 
dolle, in his Organographie, published in 1827, remarks, 
“¢ Personne jusqu’ ici n’a vu d’une manicre claire, ni l’origine, 
ni la terminaison d’un vaisseau.” (P. 58.) As doubts upon 
these points arise from the extreme minuteness of the vessels, 
and from the different degrees of skill that observers employ 
in the use of the microscope, I can scarcely hope that any ob- 
servations of mine will have much weight. Nevertheless, I 
may be permitted to state briefly what arguments occur to 
me in support of the definition of the spiral vessel as given 
above. 

With regard to the presence of an external membrane 
within which the spiral fibre is developed, it must be con- 
fessed that direct observation is scarcely sufficient to settle 
that point. It is easy to prove the existence of a membrane, 
but it is difficult to demonstrate whether it is external or 
internal with respect to the fibre. The best mode of examin- 
ation is to separate a vessel entire from the rest of the tissue, 
which may be done by boiling the subject, and then tearing it 
in pieces with the points of needles or any delicate sharp 
instrument: the real structure will then become much more 
apparent than if the vessel be viewed in connection with the 
surrounding tissue. From some beautiful preparations of 
this kind by Mr. Valentine and Mr. Griffith, it appears that 
the membrane is external: in the root of the Hyacinth, for 
example, the coils of the spiral vessel touch each other, 
except towards its extremities; there they gradually separate, 
and it is then easy to see that the spiral fibre does not project 
beyond the membrane, but is bounded externally by the latter, 
which would not be the case if the membrane were internal : 
a representation of such a vessel is given at Plate II. fig. 9. 
Another argument as to the membrane being external may not 
unfairly be taken from the manifest analogy that a spiral 
vessel bears to that form of cellular tissue (p. 11.), in which a 
spiral fibre is generated within a cellule: it is probable that 
the origin of the fibre is the same in both cases, and that its 
position with regard to the membrane is also the same. 

cA 
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It is much more difficult to determine whether the fibre is 
-solid, or tubular, or flat like a strap; and Amici has even 
declared his belief that the question is not capable of solution 
with such optical instruments as are now in use. When 
magnified 500 times in diameter, a fibre appears to be 
transparent in the middle, and more or less opaque at the 
edges; a circumstance which has no doubt given rise to the 
idea that it is a strap or riband, with the edges either 
thickened, according to De Candolle, or rolled inwards, 
according to Mirbel. But it is also the property of a trans- 
parent cylinder to exhibit this appearance when viewed by 
transmitted light, as any one may satisfy himself by examin- 
ing a bit of a thermometer tube. A better mode of judging 
is, perhaps, to be found in the way in which the fibre bends 
when the vessel is flattene’. If it were a flat thread, there 
would be no convexity at the angle of flexure, but the external 
edge of the bend would be straight. The fibre, however, 
always maintains its roundness, whatever the degree of pres- 
sure that I have been able to apply to it. (Plate II. fig. 10.) 
This I think conclusive as to the roundness of the fibre; but 
it does not determine the question of its being tubular or 
solid. I should have been induced to think, with Bischoff, 
who has investigated the nature of spiral vessels with singular 
skill (De vera Vasorum Plantarum spiralium Structurd et Func- 
tione Commentatio, 1829), that it is solid, if it did not appear 
to have been ascertained by Hedwig that, when coloured 
fluids rise in spiral vessels, they follow the direction of the 
spires. This fact may, however, be explained upon the sup- 
position that they rise in the channels formed by the approxi- 
mation of cylindrical fibres, and not in the fibres themselves ; 
in which case there could be little doubt that the fibres are 
really solid. 

The nature of the termination of spiral vessels is now 
placed beyond all doubt, by the preparations of Mr. Valentine, 
above alluded to, and by some observations of my own. 
It was stated by Nees von Esenbeck, in his Handbuch 
der Botanik, published in 1820, that they terminate in a 
conical manner; and in 1824 Dutrochet asserted, that they 
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end in conical spires, the point of which becomes very acute ; 
but one would not suppose, judging from the figure given by 
the latter writer, that he had seen the terminations very 
clearly. It is, however, certain that the statement of Nees 
von Esenbeck is correct, and that the spiral vessel generally 
terminates in a cone, or in a rounded manner. If the point 
of such a vessel in the Hyacinth (Plate II. fig. 9.) be examined, 
it will be seen that the end of the spiral fibre lies just within 
the acute point of the vessel, and that the spires become 
gradually more and more relaxed as they approach the ex- 
tremity, as if their power of extension gradually diminished, 
and the membrane acquired its pointed figure by the diminu- 
tion of elasticity and extensibility in the fibre. It is not, 
however, always in a distinct membrane that the spiral vessel 
ends. In Nepenthes the fibres terminate in a blunt cone, in 
which no membrane is discoverable. (Plate II. fig. 11.)* 

A spiral vessel is formed by the convolutions either of a 
single spire, or of many always turning in one direction, and 
forming a right-handed screw (Slack). In the first case it is 
called simple, in the latter compound. ‘The simple is the most 
common. (Plate II. fig. 9.) Kieser finds from two to nine 
fibres in the Banana. De la Chesnaye as many as twenty-two 
in the same plant. There are four in Nepenthes. (Plate II. 
fig. 11.) In general, compound spiral vessels are thought to 
be almost confined to Endogenous plants, where they are very 
common in certain families, especially Marantaceze, Scitami- 
nes, and Musaceze; but their existence in Nepenthes, and, 
according to Rudolphi, in Heracleum speciosum, renders it 
probable that future observations will show them to be not 
uncommon among Exogens also. 


* A singular change occurs in the appearance of the spiral vessels of 
Nepenthes, after long maceration in dilute nitric acid, or caustic potash : 
the extremities cease to be conical and spirally fibrous, but become little 
transparent oblong sacs, in which the spires of the fibres gradually lose 
themselves. This alteration, which is a very likely cause of deception, is 
perhaps owing to the extremities of the vessels being more soluble than the 
other part, the sac being the confluent dissolved fibres. This is in some 
measure confirmed by the subsequent disappearance of all trace of fibres 
in any part of the vesscls, under the influence of those powerful solvents. 
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In Coniferze the spiral vessels have in some cases their 
spires very remote, and even have glands upon their mem- 
brane between the spires. (Plate II. fig. 6.) 

In size, spiral vessels, like other kinds of tissue, are vari- 
able; they are generally very small in the petals and filaments. 
Mirbel states them to be sometimes as much as the 288th of 
an inch in diameter; Hedwig finds them, in some cases, not 
exceeding the 3000th; a very common size is the 1000th. 

An irritability of a curious kind has been noticed by Mal- 
pighi in the fibre of a spiral vessel. He says (Anat. p. 3.), 
that in herbaceous plants, and some trees, especially in the 
winter, a beautiful sight may be observed, by tearing gently 
asunder a portion of a branch or stem still green, so as to 
separate the coils of the spires. The fibre will be found to 
have a peristaltic motion, which lasts for a considerable time. 
An appearance of the same nature has been described by 
Don in the bark of Urtica nivea. ‘These observations are, 
however, not conformable to the experience of others. De 
Candolle is of opinion that the motion seen by Malpighi is 
due to a hygroscopic quality combined with elasticity; and as 
spiral vessels do not exist in the bark of Urtica nivea, it seems 
that there is some inaccuracy in Don’s remark. 

The situation of spiral vessels is in that part of the axis of 
the stem surrounding the pith, and called the medullary sheath, 
and also in every part the tissue of which originates from 
it; such as the veins of leaves, and petals, and of all other 
modifications of leaves. It has been supposed that they are 
never found either in the bark, the wood, or the root; and 
this appears to be generally true. But there are exceptions 
to this: Mirbel and Amici have noticed their existence in 
roots; and Mr. Valentine and Mr. Griffith have both ex- 
tracted them from the root of the Hyacinth; they do not, 
however, appear to have been hitherto seen in the roots of 
Exogens. I know of no instance of their existence in bark, 
except in Nepenthes, where they are found in prodigious 
quantities, not only between the alburnum and the liber, em- 
bedded in cellular tissue, as was first pointed out to me by 
Mr. Valentine, but also sparingly both in the bark and wood. 
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They have been described by myself as forming part of the 
testa of the seed of Collomia, and Brown has described 
them as existing abundantly in that of Casuarina. In the 
former case, the tissue was rather the fibro-cellular, as has 
been already explained (p. 11.); in the latter, they are appa- 
rently of an intermediate nature between the fibro-cellular 
and the vascular ; agreeing with the former in size, situation, 
and general appearance, but differing in being capable of un- 
rolling. In the stem of Endogens, spiral vessels occur in the 
bundles of woody tissue that lie among its cellular substance ; 
in the leaves of some plants of this description they are found 
in such abundance, that, according to De la Chesnaye, as 
quoted by De Candolle, they are collected in handfuls in some 
islands of the West Indies for tinder. The same author in- 
forms us that about a drachm and a half is yielded by every 
plantain, and that the fibres may be employed either in the 
manufacture of a sort of down, or may be spun into thread. 
In Coniferous plants they are few and very small, and in 
Flowerless plants they are for the most part altogether absent; 
the only exceptions being in Ferns and Lycopodiacese, orders 
occupying a sort of middle place between flowering and 
flowerless plants: in these they no doubt exist. My friend 
Mr. Griffith has succeeded in unrolling them in the young 
shoots of Lycopodium denticulatum. 

Some have thought that the spiral vessels terminate in those 
little openings of the cuticle called stomates; but there does 
not seem to be any foundation for this opinion. 

Ducts (jig. 8, 9,10, 11.) (Fausses trachées, Fr.; | Lym- 
pheducts, or Sap-vessels of Grew and others; Vaisseaux lym- 
phatiques of De Candolle, Vaisseaux pneumatiques of others) 
are membranous tubes, with conical or rounded extremities; 
their sides being marked with transverse lines, or rings, or 
bars, and being incapable of unrolling without breaking. 

These approach so nearly to the spiral vessel that it is im- 
possible to doubt their being a mere modification of it. Some 
writers confound all the forms under the common name of 
spiral vessels, but it is more convenient to consider them as 
distinct, not only on account of their peculiar appearances, but 
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because they occupy a station in plants in which true spiral 
vessels are not often found; and it is therefore probable that 
their functions are different. They vary between the 34, and 
the ,1, of an inch in diameter. 

All the forms of the duct seem reducible to the following 
varieties : — 

1. The Closed (Plate II. fig. 18.), which are absolutely 
the same as spiral vessels, except that they will not unroll. 

2. The Annular (fig. 10., and Plate II. fig. 13. b.). These 
are well described by Bischoff as being formed of fibrous 
rings, placed at uncertain intervals; or, to speak more accu- 
rately, they, like spiral vessels, are formed of a spiral thread, 
but it is broken at every coil, so as to separate into a number 
of distinct rings. These rings are included within a membran- 
ous tube, by which they are held together. Annular ducts 
are common in the soft parts of plants, especially in such as 
grow with much rapidity; in the Garden Balsam they are 
particularly abundant. 

3. The Reticulated (fig. 8. 11., and Plate II. fig. 13. a.). 
In these the spiral fibre, instead of separating into a number 
of distinct rings, is continuous in some places, and anastomoses 
in others, so as to form a sort of netted appearance. Vessels 
of this kind, like the last, are found in the stem of some 
herbaceous plants; as, for example, the Garden Balsam, in 
which they may be seen in a great variety of states. 

4. The Scalariform, which are extremely abundant in Ferns. 
These are angular tubes, whose sides are marked by transverse 
bars which scarcely reach the angles, but have such an appear- 
ance as is exhibited by the cellular tissue represented at fig. 3. 
page 7. These bars are unquestionably formed of short 
lengths of solid fibre, as is exceedingly obvious in the wood of 
Tree Ferns. - 

In all probability the spiral vessel is the type of all these; 
and the differences we perceive in them are owing to the vari- 
ous modes in which they are subjected to the developing 
forces. Thus the closed duct may be considered to be abso- 
lutely a spiral vessel, with little or no power of unrolling ; the 
annular to be the same thing, but with the enveloping mem- 
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brane growing more rapidly than the enclosed fibre, which is 
consequently broken into pieces which contract into rings. 
Reticulated ducts may in like manner be considered as spiral 
vessels, whose internal spire, instead of snapping into short 
lengths as the membrane extends, accommodates itself to the 
growth of the latter by separating its coils, which thus gain an 
irregular direction, and grow together at points of variable 
distance. I think this view of the nature of ducts was first 
taken by Mr. Solly. It is well illustrated by Slack in the 
paper already referred to, and it derives additional strength 
from the fact, which, I believe, has never before been men- 
tioned, that ducts, common as they are in the Garden Balsam 
when full grown, are scarcely to be found in that plant in a 
young state. 

Some anatomists have added to the varieties above enumer- 
ated, what they call strangulated vessels (vaisseaux en chapelet 
or étranglés, corpuscula vermiformia). These are rightly de- 
termined by Bischoff to be mere accidental forms, caused by 
their irregular compression, when growing in knots or parts 
that are subject to an interrupted kind of developement. 
They may be found figured in Mirbel’s Elémens, tab. x. 
fig. 15.; and in Kieser, fig. 56. and 57.; but the best 
view of their origin and true nature is in Slack’s plate, 
fig. 33., in the Transactions of the Society of Arts, before 
referred to. 

Vascular tissue always consists of tubes that are unbranched. 
They have been represented by Mirbel as ramifying in some 
cases; but this opinion has undoubtedly arisen from imperfect 
observation. When forming a series of vessels, the ends of 
the tubes overlay each other, as represented in Plate II. 
fig. 18. 

Slack states that the membrane is often obliterated at 
the place where two vessels touch each other, and that trans- 
verse bars only remain under the form of a grating; this 
appearance is produced by the remains of the spiral fibre, se- 
veral of whose convolutions are partially uncovered by the 
absorption of the enveloping membrane. It would hence ap- 
pear that ducts open into each other at their points of contact. 
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Secr. IV. Of spurious elementary Organs ; such as Air Cells, 
Receptacles of Secretion, Glands, &c. §c. 


Tue kinds of tissue now enumerated are all that have as 
yet been discovered in the fabric of a plant. There are, 
however, several other internal parts, which although not 
elementary, being themselves made up of some one or other 
of the forms of tissue already described, nevertheless have 
either been sometimes considered as elementary, or at least 
are not referable to the appendages of the axis, and can be 
treated of more conveniently in this place than elsewhere. 
These are, 1. Intercellular passages ; 2. Receptacles of secre- 
tion; 3. Air cells; 4. Raphides. 


1. Of Intercellular Passages. 


As the elementary organs are all modifications of either the 
spherical or cylindrical figure, it must necessarily happen that 
when they are pressed together, spaces between them will 
remain, which will be more or less considerable in proportion 
as the tissue preserves in a greater or less degree the cylindri- 
cal or spherical form. When the pressure has been very 
uniform, as in the case of the tissue of the cuticle, and in many 
states of cellular substance, no spaces will exist. When they 
do exist, they are called Intercellular passages (meatus or ductus 
intercellulares, canaux entrecellulaires). ‘They necessarily follow 
the course of the tissue, being horizontal, vertical, or oblique, 
according to the direction of the angles of the tissue by which 
they are formed. ‘Their size varies according to the size of 
the tissue and the quantity of sap. In plants of a dry charac- 
ter, they are frequently so small as to be scarcely discoverable; 
while in succulent plants they are so large as to approach the 
size of cells, as in the stem of Tropzeolum majus. (Plate II. 
fig. 14.) They are remarkably large in the horizontal parti- 
tions which separate the air cells of water plants. In Limno- 
charis Plumieri they exist in the form of little holes at every 
angle of the hexagons of which the partitions in that plant 
consist; and are, no doubt, there intended as a beautiful con- 
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trivance to enable air to pass freely from one cavity to another. 
Alphonse De Candolle and Mohl consider the vessels of latex 
ef Meyer, or the vital vessels of Schultz, to be merely 
intercellular passages; and this agrees best with the branched 
character which those vessels are said to possess. ‘They are 
described by Schultz (Arch. de Bot. ii. 422.) as composed of 
tubes, slender, membranous, transparent, delicate, soft, flexi- 
ble, perfectly close, cylindrical-when separated, angular when 
combined, susceptible of contraction, often communicating by 
branches or anastomoses, and containing a juice which is more 
or less thick and coloured. ‘These tubes are said to be ex- 
tremely common; to accompany the bundles of fibrous cellular 
tissue in the wood of both Exogens and Endogens; to be present 
either singly or combined in the cortical integument; and, fi- 
nally, to exist in roots, stems, leafstalks, flowerstalks, flowers, or 
wherever spiral vessels make their appearance. It may, perhaps, 
be supposed that these are instances of thin-sided woody tissue 
—and their so constantly accompanying the vascular system 
would seem to confirm that view ;—but I have never succeeded 
in discovering any sides to them. ‘Their thinness is altogether 
at variance with the structure of the woody tissue in the 
plants where they are more particularly said to exist, and the 
figures of such tissue by Meyer (Phytotomie, t. 10. f. 11. and 
t. 14. B. B.), together with the account given by Schultz of their 
shrinking and distending, to say nothing of the branching al- 
ready noticed, seem altogether to point to intercellular passages, 
and not to any special form of tissue. 


2. Of Receptacles of Secretion. 


But it frequently occurs that the simple intercellular pas- 
sages are dilated extremely by the secretions they receive, 
and either increase unusually in size, or rupture the coats of 
the neighbouring tissue; by which means cavities are formed, 
replete with what is called the proper juice of the plant; that 
is to say, with the sap altered to the state which is peculiar to 
the particular species of tree producing it. Cavities of this 
nature are often called vasa propria; they are the receptacula 
succt of Link; the vaisseaux propres of Kieser and De Can- 
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dolle; and the réservoirs du suc propre of the last author. 
To this class also are to be referred the turpentine vessels, and 
the milk vessels of Grew; the réservoirs accidentels of De Can- 
dolle; and also the réservoirs en cecum of the latter, which are 
the clavate vessels of oil found in the coat of the fruit of Um- 
belliferee, and which are commonly called vitte. Although 
the receptacles of secretion have no proper coat, yet they are 
so surrounded by cellular tissue, that a lining or wall is 
formed, of perfect regularity and symmetry. The tissue of 
this lining is generally much smaller than that of the neigh- 
bouring parts. In figure, the receptacles are extremely vari- 
able, most commonly round, as in the leaves of the Orange 
and of all Myrtaceze, where they are called crypta, or glandule 
impress@, or réservoirs vésiculaires, or glandes vésiculaires, or 
receptacles of oil. In the Pistacia Terebinthus the receptacles 
are tubular; in Coniferse they are very irregular in figure, 
and even position, chiefly forming large hollow cylindrical 
spaces in the bark. ‘Those in the rind of the orange and 
lemon are little oblong or spherical cysts; their construction, 
which is very easily examined, gives an accurate idea of that 
of all the rest. (Plate II. fig. 21.) 


3. Of Air Cells. 


Besides the common intercellular passages, and the recep- 
tacles now described, there is another and a very remarkable 
sort of cavity among the tissue of plants. This is the air 
cell; the lacuna of Link, the réservoir d’air and cellule d’air of 
Kieser, and the luftbehdlter of the Germans. Like the recep- 
tacles of secretion, the air cells have no proper membrane of 
their own, but are built up of tissue; and this sometimes takes 
place with a truly wonderful degree of uniformity and beauty. 
Each cell is often constructed so exactly like its neighbour, 
that it is impossible to regard it as a mere accidental dis- 
tension of the tissue: on the contrary, air cells are, in those 
plants to the existence of which they are necessary, evidently 
formed upon a plan which is uniform in the species, and 
which has been wisely contrived by Providence in that man- 


CHAP. I. AIR CELLS. oo 


ner which is most suitable to the purpose for which they are 
destined. ; 

They differ from receptacles of secretion in containing air 
only, and not the proper juice of the plant; a peculiarity 
which is provided for by a curious contrivance of Nature. 
In receptacles, the orifices of the intercellular passages through 
which the ffuid that is to be deposited drains, are all open; 
but, to prevent any discharge of fluid into the air cells, the 
orifices of all the intercellular passages that would otherwise 
open into them are closed up, except in the partitions that 
divide them from each other. 

Air cells are very variable in size, figure, and arrangement. 
In the stem of the Rush (Juncus articulatus), they consist of a 
number of tubular cavities placed one above the other, and 
separated by membranous partitions composed of a combin- 
ation of minute bladders ; in some aquatic plants they are very 
small, as in Butomus umbellatus. In form they are either 
cylindrical, or they assume the figure of the bladders by which 
they are formed, as in Limnocharis Plumieri (Plate III. 
fig. 1. and 2.), in which the structure of the air cells and 
their coats forms one of the most beautiful of microscopical 
objects. 

The inner surface of the air cells, when they are essential 
to the life of a plant, is smooth and uniform; but in grasses, 
umbelliferous plants, and others where they are not essential, 
they seem to be caused by the growth of the stem being 
more rapid than the formation of the air cells; so that the 
tissue is torn asunder into cavities of an irregular figure and 
surface. Kieser was the first to observe that in many plants 
in which the air cells of the stem are regularly separated by 
partitions, the intercellular passages of the bladders forming 
the partitions are sometimes left open, so that a free commu- 
nication is maintained between all the tiers of air cells. 
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4. Of Raphides. 
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Among the tissue, and according to Raspail exclusively in 
the intercellular passages of plants, are found certain needle- 
shaped transparent bodies, lying either singly or in bundles, 
and called raphides. ‘They were first discovered by Rafn, who 
found them in the milky juice of EKuphorbize; afterwards they 
were met with by Jurine, in the leaves of Leucojum vernum, 
and elsewhere; and they are now well known to all vegetable 
anatomists. If a common Hyacinth is wounded, a consider- 
able discharge of fluid takes place, and in this myriads of 
slender raphides (fig. 14.) are found floating; or if the cuticle 
of the leaf of Mirabilis Jalapa is lifted up, little whitish spots 
are observable, which are composed of them; all these are 
acicular in form, whence their name. But in the Cactus peru- 
vianus (fig. 13.) they are, according to Turpin, found in the 
inside of the bladders of cellular tissue, and, instead of being 
needle-shaped, have the form of extremely minute conglomer- 
ated crystals, which are rectangular prisms with tetraedral 
summits, some with a square, others with an oblong base. 
Crystals of a similar figure have been remarked by the same 
observer in Rheum palmatum (fig. 12.); and their presence, 
according to him, is sufficient to distinguish samples really 
from China and Turkey, from those produced in Europe. 
The former abound in these crystals, the latter have hardly 
any. 

The account given by Raspail is something different from 
this. He asserts that raphides are never found either in Cac- 
tus or elsewhere in the inside of the bladders of cellular tissue, 
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but are exclusively placed in the intercellular passages. The 
slender kind (fig. 14.) he states to be crystals of phosphate of 
lime, from +; to s$5 of a millimetre in length, and to be in 
reality six-sided prisms, terminated at each end by a pyramid 
with the same base. ‘The crystals found in the Cactus and 
Rhubarb (fig. 12. and 13.), he says, are composed of oxalate 
of lime; and he represents them to be right-angled prisms, 
terminating in a four-sided pyramid. (Nouv. Syst. de ch. org. 
p- 522.) Mohl differs from this statement. He says that ra- 
phides are never six-sided prisms, as Raspail asserts ; but that 
they are right-angled four-sided prisms, which gradually vanish 
into points. And he declares that Meyen is right in asserting 
that the raphides are constantly formed inside the bladders, 
and never in the interstitial passages of cellular tissue. (Anat. 
Palm. p. 28.) 
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CHAPTER II. 


OF THE COMPOUND ORGANS IN FLOWERING PLANTS. 


Havine now explained the more important circumstances 
connected with modifications in the elementary organs of 
vegetation, the next subject of enquiry will be the manner in 
which they are combined into those masses which constitute 
the external or compound organs, or in other words the parts 
that present themselves to us under the form of roots, stems, 
leaves, flowers, and fruit, and that constitute the apparatus 
through which all the actions of vegetable life are performed. 
In doing this, I shall limit myself in the first place to Flower- 
ing Plants (Introduction to the Natural System, p. 1.); reserv- 
ing for the subject of a separate chapter the explanation of 
some of the compound organs of Flowerless plants (2bzd. 
p- 307.), which differ so much in structure from all others, as 
to require in most cases a special and distinct notice. 


Sect. I. Of the Cuticle and its Appendages. 


1. Of the Cuticle. 


VEGETABLES, like animals, are covered externally by a thin 
membrane or cuticle, which usually adheres firmly to the cel- 
lular substance beneath it. To the naked eye it appears like 
a transparent homogeneous skin, but under the microscope it 
is found to be traversed in various directions by lines, which, 
by constantly anastomosing, give it a reticulated character. 
In some of the lower tribes of plants, consisting entirely of 
cellular tissue, it is not distinguishable, but in all others it is 
to be found upon every part exposed to the air, except the 
stigma and the spongelets of the roots. It is, however, as 
constantly absent from the surface of parts which live under 
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water. Its usual character is that of a delicate membrane, 
but in some plants it is so hard as almost to resist the blade 
of a knife, as in the pseudo-bulbs of certain Orchideous plants. 
The most usual form of its reticulations is the hexagonal 
(Plate III. fig. 11.): sometimes they are exceedingly uncer- 
tain in figure; often prismatical; and not unfrequently bounded 
by sinuous lines, so irregular in their direction as to give the 
meshes no determinate figure (fig. 5.). 

Botanists are not entirely agreed upon the exact nature of 
the cuticle; while the greater number incline to the opinion 
that it is an external layer of cellular tissue in a dry and 
compressed state; others, among whom are included both 
Kieser and Amici, consider it a membrane of a peculiar na- 
ture, transversed by veins, or vasa lymphatica. 

By the latter it is contended, that the sinuous direction of 
the lines in many cuticles is incompatible with the idea of any 
thing formed by the adhesion of cellular tissue; that when it 
is once removed, the subjacent tissue dies, and does not be- 
come cuticle in its turn, and that it may often be torn up 
readily without laceration. 

On the other hand, it is replied, that the reticulations of 
the cuticle are mostly of some figure analogous to that of cel- 
lular tissue, and that the sinuous meshes themselves are not so 
different as to be incompatible with the idea of a membrane 
formed of adhering bladders. We are accustomed to see so 
much variety in the mere form of all parts of plants, that an 
anomalous configuration in cellular tissue should not surprise 
us. The lines, or supposed lymphatic vessels, are nothing 
more than the united sides of the bladders, and are altogether 
the same as are presented to the eye by any section of a mass 
of cellular substance. It is certain that the cuticle cannot be 
removed without lacerating the subjacent tissue, with however 
much facility it may be sometimes separable: on the under 
surface of the leaf of the Box, for instance, there has plainly 
been some tearing of the tissue, before the cuticle acquired the 
loose state in which it is finally found. If the subjacent epi- 
dermis never becomes cuticle when the latter is removed, this 
is no reason why the cuticle itself should not be composed of 
cellular tissue; for it is an axiom in vegetable physiology, that 
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a part once fully formed is incapable of any subsequent change. 
Thus, pith never alters its dimensions, after the medullary 
sheath that encloses it has been once completed, and a zone of 
wood never contracts or expands after it has been deposited : 
new matter may be added to any part, but the arrangement of 
the tissue, once fixed, remains unchangeable. 

The principal argument, however, in favour of cuticle being 
compressed cellular tissue, is, that in the cuticle of many 
plants the cellular state is distinctly visible upon a section 
(Plate I. fig. 2. a) ; that it even consists occasionally of several 
layers of bladders, as in the Oleander and many epiphytes of 
the Orchis tribe; and that, as there is no reason to doubt 
that Nature is as uniform in the plan upon which cuticle is 
constructed as in all her other works, in those cases in which 
the cellular structure is less distinctly visible, we are never- 
theless justified by sound philosophy in recognising it; while, 
on the other hand, it would be highly unphilosophical to sup- 
pose that the cuticle is formed in some plants upon one plan, 
and in others upon a totally different one. It may be farther 
remarked, that separable cuticle may often be traced into 
that which, being younger, is both inseparable and un- 
distinguishable from the other cellular substance with which 
it is in contact, and from which it possesses no organic 
difference. 

There is some reason to suppose that there is occasionally 
present, on the outside of the cuticle, a transparent, very deli- 
cate membrane, having no organic structure, as far as can be 
discovered with the most powerful microscopes. Some- 
thing of this kind has been noticed by Adolphe Brongniart 
in the Cabbage leaf; an analogous structure has been re- 
marked by Henslow in the Digitalis; and I have found it 
very conspicuous on the upper side of the leaves of Dionza 
muscipula. It can however be found only after long ma- 
ceration of the parts; and consequently we are uncertain 
whether to regard it as organic, which is not probable, or 
inorganic like the cuticle of man, and caused either by the 
decomposition of part of the cuticle, or by some secretion 
from it. Adolphe Brongniart has paid some attention to this 
subject (Ann. des. Sc. 2 ser. 1. 65.), and finds the pellicle by 
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no means uncommon; he even thinks it is present in sub- 
mersed leaves, and imagines that it overlies the stigma in 
some plants. I, however, find nothing very definite in 
regard to this, except that the pellicle often exists, and that it 
does, not cover the stomates. 


2. Of Stomates. 


In most plants the cuticle has certain openings of a very 
peculiar character, which appear connected with respiration, 
and which are called Stomates, or Stomata. (Plate ILI. passim.) 

Sromates (Pores of the epidermis ; Pores corticaux, allongés, 
évaporatoires, or grands pores ; Glands corticales, miliaires, or 
épidermoidales ; Glandule cutanee ; O0effnungen ; Stomatia ;) 
are passages through the cuticle, having the appearance of 
an oval space, in the centre of which is a slit that opens or 
closes according to circumstances, and lies over a cavity in the 
subjacent tissue. 

There is, perhaps, nothing in the structure of plants upon 
which it is more difficult to form any satisfactory opinion 
than these stomates. Malpighi and Grew, the latter of whom 
seems first to have figured them (t. 48., fig. 4.), call them 
Openings or apertures, but had-no exact idea of their struc- 
ture. Mirbel also, for a long time, considered them pores, and 
figured them as such; admitting, however, that he suspected 
the openings to be an optical deception. De Candolle enter- 
tains no doubt of their being passages through the cuticle. 
He says their edge has the appearance of a kind of oval 
sphincter, capable of opening and shutting. The membrane 
that surrounds this sphincter is always continuous with that 
which constitutes the network of the cuticle: under the latter, 
and in the interval between the pore and the edge of the 
sphincter, are often found molecules of adhesive green matter 
(Organogr. i. 80.) ; and recently Adolphe Brongniart, in his 
beautiful figures of the anatomy of leaves, would seem to have 
settled the question beyond all dispute. (Annales des Sciences, 
vol. xxi.) Nevertheless there are anatomists of high reputation 
who entertain a directly opposite opinion; denying the ex- 
istence of passages, and considering the stomates rather in 
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the light of glands. Nees von Esenbeck and Link deny the 
existence of any perforation in the stomates, and consider 
that the supposed opening is a space more pellucid than the 
surrounding tissue, and that what seems a closed up slit is the 
thickened border of the space. Link further adds, that the 
obscuration of the centre of the stomates is caused by a pecu- 
liar secretion of matter, as is plainly visible in Baryosma 
serratum. (LElementa, p. 225.) ‘To the views of these writers 
is to be added the testimony of Brown (Suppl. prim. Prodr. 
p. 1.), who describes the stomates as glands which are really 
almost always imperforate, with a disk formed by a membrane 
of greater or less opaqueness, and even occasionally coloured ; 
at the same time he speaks of the disk being, perhaps, some- 
times perforated. 

In the midst of such conflicting testimony, an observer 
necessarily finds much difficulty in fixing his opinion. 

In no plants are stomates larger than in some Monocotyle- 
dons; they are, therefore, the best subjects for examination 
for general purposes. In Crinum amabile they evidently con- 
sist of two kidney-shaped bodies filled with green matter, 
lying upon an area of the cuticle smaller than those that sur- 
round it, and having their incurved sides next each other. 
In some, at the part where the kidney-shaped bodies come in 
contact, there is an elevated ridge, dark, as if filled with air, 
and having its principal diameter distinctly divided by a line. 
(Plate III. fig. 11.) In this state the stomate is at rest: but 
in others the kidney-shaped bodies are much more curved ; 
their sides are more separated from each other ; and there is 
no elevated ridge: at their former line of contact there is an 
opening so distinct and wide as to be equal to half the dia- 
meter of one of the kidney-shaped bodies; this, I presume, is 
the stomate open. ‘That what is described to be an opening, 
is really so, seems to be demonstrated by the following tests : 
—1l. It is more transparent than any part of the most trans- 
parent portion of the cuticle; 2. It admits transmitted light 
without interruption ; as is seen by gradually augmenting the 
magnifying power by which it is viewed, when the opening 
continues transparent, notwithstanding the great loss of light 
that attends the use of very high powers in compound mi- 
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croscopes; and, 3. None of those arts which the microscopic 
observer knows so well how to employ, such as shifting, aug- 
menting, or decreasing the light, interposing moveable sha- 
dows between the mirror and the object, and the like, give 
the least indication of the presence of any membrane across 
the orifice of the stomate. I therefore conclude, that, in 
Crinum amabile, the stomates are formed by two elastic kid- 
ney-shaped bladders, lying over an opening in the middle of 
a contracted area of cuticle; that these bladders, when ex- 
panded, meet, and press powerfully against each other, like 
two opposing springs; thus causing the elevated ridge-like 
appearance visible in theaxis of the stomate in the figure above 
reterred to; and that, when contracted, they curve in an 
opposite direction, separating from each other, and ceasing 
to close up the aperture over which they lie, If it were pos- 
sible to be absolutely certain of the accuracy of this description, 
the structure of the stomate in Crinum amabile might be safely 
taken as the type of all others; for, no doubt, they are all 
constructed upon a similar plan. Without actually asserting 
so much as this, it may be stated, that, of many hundreds of 
observations I have made upon this subject, I have not met 
with any thing that has led me to doubt the uniformity of 
their nature, or their general accordance with what is found 
in Crinum amabile, whatever that may be. Or at least, the 
only difference is this, that while the two bladders that form. 
the edges of the aperture are distinctly separated at their ex- 
tremities in this plant, they are often confluent in others, as 
in Caladium esculentum. (Plate III. fig. 9.) All this appears 
fully confirmed by the curious observations of Mirbel, who 
found that in Marchantia the stomates are formed in the fol- 
lowing manner. The appearance on the upper surface of this 
plant of a depression with four or five bladders arranged in a 
circle, is a certain sign of the commencement of stomates. 
The bottom of this depression at a certain time is pierced by 
a large square hole, either by the destruction of a central 
bladder, or by the separation of the sides of four or five blad- 
ders at their angles nearest the centre of the depression. 
Several varieties are represented at Plate III.; besides 
which, stomates have been noticed by Link to be occasionally 
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quadrangular, as in Yucca gloriosa (Plate III. fig. 10.), and 
Agave americana, and by Brown to be very rarely angular, 
of which, however, no instance is cited by that botanist. ‘The 
former case is one in which the quadrangular figure is caused 
by the cellules being straight; Iam not aware if Brown means 
the same thing. I have never been so fortunate as to discover 
the membrane which this great observer describes as generally 
overlying the apertures; nor do I know of any other botanist 
having confirmed that observation. It cannot be the pellicle 
already described, because it has been found that that part 
never overlies the stomates (see page 39.) 

Nerium oleander and some other plants have, in lieu of 
stomates, cavities in the cuticle, curiously filled up or pro- 
tected by hairs. (See Annales des Sciences, xxi. 438.) 

A very remarkable state of the same organs occurs in Ne- 
penthes; in that plant there are stomates of two kinds, the 
one oblong, semitransparent, and almost colourless, with nu- 
merous pellucid globules in the cavity of their cells; the other 
roundish, much more opaque, and coloured red. ‘The latter 
do not communicate immediately with internal cavities in the 
parenchyma, but are in contact with an internal deep brownish- 
red gland, the lower side of which sometimes appears to have 
six regular plane faces obliquely resting upon a central face, 
or, in other cases, to be composed of six cells surrounding a 
seventh, all being filled with dark red colouring matter. The 
nature and use of these glands, and of the stomates that ac- 
company them, is unknown. Something analogous to them 
is met with in Dionza muscipula, and may perhaps be con- 
nected with the excessive irritability of its leaves. If the 
upper surface of that plant, where the irritability exclusively 
exists, be attentively examined, it will be found to be densely 
covered with minute red dots, which bya little rubbing in water 
may be separated from the cuticle. ‘These dots are discoidal 
glands originating upon roundish green stomates, bearing the 
same relation to the stomates of Dionza as the hexagonal glands 
to those of Nepenthes, except that in the latter the glands are 
below the cuticle, and in the former they are on its outside. 
Each gland in Dionzea has a double convex form, and consists 
of about fourteen bladders at the circumference. It is probable 
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that the stom’tes from which such glands arise are altogether 
imperfect; for on the under side of the leaves of Dionzea we 
find other stomates of the usual figure and character. It is, 
however, worthy of remark, that here also there exists a great 
many imperfect stomates closed up by tufts of hairs springing 
from their orifice. 

Stomates are not found in Whses Fungi, Algeze, or Lichens 
(see Introduction to the Natural System) ; in no submersed plants, 
or submersed parts of amphibious plants; it is also said, not 
in Monotropa hypopithys, Neottia nidus avis, and Cuscuta 
europea. They are not formed in the cuticle of plants growing 
in darkness, nor upon roots, nor the ribs of leaves. It fre- 
quently happens that they are found upon one surface of a 
leaf, but not on another, and generally in most abundance 
on the under side. In succulent parts they are neither rare 
nor wholly wanting, as has been constantly asserted; but 
are, on the contrary, as numerous as on many other parts. 
They may be generally seen upon the calyx; often on the 
corolla; and rarely, but sometimes, upon the filaments, an- 
thers, and styles. In fruit, they have only been noticed 
upon such as are membranous, and never upon the coat 
of the seed; they exist, however, upon the surface of coty- 
ledons. 

Brown thinks that the uniformity of the stomates, in figure, 
position, and size, with respect to the meshes of the cuticle, is 
often such as to indicate the limits, and sometimes the affini- 
ties, of genera, and of their natural sections. He has shown, 
with his usual skill, that this is the case in Proteacese. He 
also remarks, that on the microscopic character of the equal 
existence of stomates on both surfaces of the leaf depends that 
want of lustre which is so remarkable in the forests of New 
Holland. (Journal of the Royal Geogr. Society, i. 21.) 

The same botanist is of opinion, that the two glands, or ra- 
ther bladders, of which a stomate is composed, are each analo- 
gous to the single bladders found occupying the inner face of 
the meshes of the cuticle. (Plate iii. fig. 9.) See the Memoir 
on the impregnation of Orchidee.) 

The following table of the proportion of stomates on the 
surface of various organs will serve to give some idea of their 
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The first twenty-eight cases are taken 


from Thomson’s Treatise on Vegetable Physiology in the 


Library of Useful Knowledge. 


answerable : — 


CONQACrRWNH = 


Names of the plants on the leaves of 


Andromeda speciosa 
Arum dracontium 
Alisma Plantago 
Amaryllis Josephinze 


Cobzea scandens 


Dianthus Caryophy tee 


Daphne Mezereum 
Epidendrum . 


Hypericum gr ee um 
Hydrangea fe 


Geertnera . 

Ilex 

Iris germanica 

Olea europzea 
Peeonia 
Pittosporum Pokies: 


Philadelphus coronarius 


Pyrus —. 


Sempervivum tectorum 


Syringa vulgaris 
Rheum palmatum 
Rudbeckia 
Rumex acetosa 
Theophrasta . 
Tussilago farfara 
Tradescantia . 
Vitis vinifera 
Viscum album 
Viburnum Tinus 
Prunus Laurocerasus 
Crinum amabile 
Stapelia (stem) . 
Alstromeria 


Mesembryanthemum : 


Aloe 


Yueea . 


Cactus speciosissimus (stem) 


For the remainder I am 


Number of stomates on one inch 


square surface. 
which the stomates have been counted.| Qn upper 


side. 

None 
8000 
12,000 
31,500 

None 
38,500 
None 
None 
None 
None 
1000 
None 
11,572 
None 
None 
None 
None 
None 
10,710 
None 
1000 
8000 
11,088 
None 
1200 
2000 
None 
200 
None 
None 
20,000 


None 
30,000 
25,000 
40,000 


On under 
side. 


32,000 
16,320 
6000 
31,500 
20,000 
38,500 
4000 
4800 
47,800 
160,000 
142,750 
63,600 
11,572 
57,600 
13,790 
160,000 
20,000 
24,000 
6000 
160,000 
40,000 
41,000 


On both. 
24,320 
18,000 
63,000 


77,000 


143,759 


23,144 


41,000 
49,000 
31,088 


13,700 
4000 


400 


40,000 
15,000 


70,000 
45,000 
80,000 
15,000 
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The surface of the cuticle is either perfectly smooth, or fur- 
nished with numerous processes, consisting of cellular tissue in 
different states of combination, which may be arranged under 
the heads of hazrs, scales, glands, and prickles. All these ori- 
ginate either directly from the ¢uticle, or from the cellular 
substance beneath it; never having any communication with 
the vascular or ligneous system. 

In Nepenthes the cuticle in the inside of the pitchers is 
pierced by a great number of holes, each of which is closed 
up by a firm thick disk of small cellular tissue, deep brown in 
colour, and connected with the cavernous parenchyma of the 
pitcher. Besides these, Nepenthes has also stomates, the cu- 
rious structure of which has been already described. 


3. Of Hairs. 


These (7ig.15.) are minute, 
transparent, filiform, acute 
processes, composed of cel- 
lular tissue more or less elon- 
gated, and arranged in a single row. They are found occa- 
sionally upon every part of a plant, even in the cavities of the 
petiole and stem, as in Nympheea and other aquatic plants. 
In the Cotton Plant (Gossypium herbaceum, &c.) they form 
the substance which envelopes the seeds, and is wrought into 
linen; in the Cowhage (Mucuna urens and pruriens), it is 
they that produce the itching; and in the Palm tribe they are 
the long, entangled, soft, strangulated filaments that are used 
for tinder. ‘They vary extremely in length, density, rigidity, 
and other particulars; on which account they have given the 
following names to the surface on which they grow: — 


Down or Pubescence (pubes, adj. pubescens), when they form 
a short soft stratum, which only partially covers the cuticle, 
as in Geranium molle. 

Hairiness (hirsuties, adj. hirsutus), when they are rather 
longer and more rigid, as in Galeopsis Tetrahit. 

Pilosity, when they are long, soft, and erect, as in Daucus 
Carota. 
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Villosity (adj. villosus), when they are very long, very soft, 
erect, and straight, as in Epilobium hirsutum. Criai (adj. 
crinitus) are this variety in excess. 

Velvet (velumen, adj. velutinus), when they are short, very 
dense and soft, but rather rigid, and forming a surface like 
velvet, as in many Lasiandras. 

Tomentum (adj. tomentosus), when they are entangled, and 
close pressed to the stem, as in Geranium rotundifolium. 

Cilie (adj. ctliatus), when long, and forming a fringe to a 
margin, like an eyelash, as in Sempervivum tectorum. 

Bristles (sete, adj. setosus), when short and stiff, as on the 
stems of Echium. 

Stings (stimuli, adj. stimulans ; pili subulati of De Candolle), 
when stiff and pungent, giving out an acrid juice if touched, 
as in the Nettle. 

Glandular hairs (pili capitati), when they are tipped with 
a glandular exudation, as in Primula sinensis. ‘These must 
not be confounded with stalked glands. 

Hooks (hami, unci, rostella), when curved back at the point, 
as in the nuts of Myosotis Lappula. 

Barbs (glochis, adj. glochidatus), if forked at the apex, both 
divisions of the fork being hooked, as in the nuts of the same 
plant. 

Hairs also give the followimg names to the surface of any 
thing: — 

Silky (sericeus), when they are long, very fine, and pressed 
closely to the surface, so as to present a sublucid silky 
appearance: ex. Protea argentea. 

Arachnoid, when very long, and loosely entangled, so as 
to resemble cobweb: ex. Calceolaria arachnoidea. 

Manciate, when interwoven into a mass that can be easily 
separated from the surface: ea. Cacalia canescens, Bupleurum 
giganteum. 

Bearded (barbatus), when the hairs are long, and placed 
in tufts: ex. the lip of Chelone barbata. 

Rough (asper), when the surface is clothed with hairs, 
the lower joint of which resembles a little bulb, and the upper 
a short rigid bristle: ex. Borago officinalis. 

Stellate, or starry, when the hairs grow in tufts from the 


CHAP. II. HAIRS. AZ 


surface, and diverge a little from their centre, as in the Mal- 
low tribe. It is hairs of this description that close up the 
abortive stomates upon the under side of the leaves of Dionea 
muscipula. 


Hairs are either formed of a single cell of cellular tissue 
(Plate I. fig. 8. 5), or of several placed end to end in a single 
series (Plate I. fig. a, B.), whence, if viewed externally, they 
have the appearance of being divided internally by transverse 
partitions. They are sometimes branched into two or three 
forks at the extremity, as in Alyssum, some species of Apar- 
gia, &e. Occasionally they emit little branches along their 
whole length: when such branches are very short, the hairs 
are said to be toothed or toothletted, as in the fruit of Torilis 
Anthriscus; when they are something longer, the hairs are 
called branched, as in the petioles of the gooseberry ; if longer 
and finer still, the term is pinnate, as in Hieracium Pilosella; 
if the branches are themselves pinnate, as in Hieracium undu- 
latum, the hairs are then said to be plumose. It sometimes 
happens that little branchlets are produced on one side only 
of a hair, as on the leaves of Siegesbeckia orientalis, in which 
case the hair is called one-sided (secundatus); very rarely they 
appear upon the articulations of the hair, which in that case is 
called ganglioneous. (Plate I. fig. 9. Verbaseum Lychnitis) : 
the potls en goupillon of De Candolle are referable to this form. 
Besides these, there are many other modifications: hairs are 
conical, cylindrical, or moniliform, thickened slightly at the 
articulations (¢orulose), as in Lamium album, or much en- 
larged at the same point (nodulose), as in the calyx of Achy- 
ranthes lappacea. 

Hairs are sometimes said to be fixed by their middle 
-(Plate I. fig. 10. ¢.); a remarkable structure, common to many 
different genera; as Capsella, Malpighia, Indigofera, &c. 
This expression, however, like many others commonly used 
in botany, conveys a false idea of the real structure of such 
hairs. ‘They are in reality formed by an elevation of one 
bladder of the cuticle above the level of the rest, and by the 
developement of a simple hair from its two opposite sides. 
Such would be more correctly named divaricating hairs. 
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When the central bladder has an unusual size, as in Mal- 
pighia, these hairs are called poils en navette (pili Malpighiace?) 
by De Candolle, and when the central bladder is not very 
apparent, poils en fausse navette (pili pseudo-Malpighiacei, 
biacuminati), as in Indigofera, Astragalus asper, &c. In 
many plants the hairs grow in clusters, as in Malvaceae, and 
are occasionally united at their base: such are called stellate, 
and are frequently peculiar to certain natural orders. (Plate I. 
fig. 10. a.) 

All these varieties belong to one or other of the two princi- 
pal kinds of hairs; viz. the Lymphatic and the Secreting. Of 
these, lymphatic hairs consist of tissue tapering gradually from 
the base to the apex; and secreting, of cellules visibly distended 
either at the apex or base into receptacles of fluid. Mal- 
pighiaceous and glandular hairs, stings, and those which cause 
asperity on the surface of any thing, belong to the latter; 
almost all the other varieties to the former. 

When hairs arise from one surface only of any of the 
appendages of the axis, it is almost always from the under 
surface; but the seed leaves of the nettle, and the common 
leaves of Passerina hirsuta, are mentioned by De Candolle as 
exceptions to this rule: certain states of Rosa canina might 
also be mentioned as exhibiting a similar phenomenon. When 
a portion only of the surface of any thing is covered by hairs, 
that portion is uniformly the ribs or veins. According to 
De Candolle, hairs are not found either upon true roots, ex- 
cept at the moment of germination, nor upon any part of the 
stem that is formed under ground, nor upon any parts that 
grow under water. 


4, Of Scurfiness. 


SCURFINESS consists of thin flat membranous _ processes,, 
formed of cellular tissue springing from the cuticle. They 
may be considered as hairs of a higher order,—as organs of 
the same nature, but more developed; for they differ from 
hairs only in their degree of composition. They are of two 
kinds, Scurf; properly so called, and Ramenta. 

Scurfs, properly so called, are the small, roundish, flattened, 
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particles which give a leprous appearance to the surface of 
certain plants, as the Eleeagnus and the Pine Apple. (Plate I. 
fig. 10. 6.) They consist of a thin transparent membrane, 
attached by its middle, and, owing to the imperfect union, 
towards its circumference, of the cellular tissue of which it is 
composed, having a lacerated irregular margin. A scale of 
this nature is called in Latin composition /epis, and a surface 
covered by such scales lepidotus— not squamosus, which is 
only applied to a surface covered with the rudiments of leaves, 
Scurfs are the potls en écusson (pili scutati) of De Candolle. 

Ramenta (Vaginelle) are thin, brown, foliaceous scales, 
appearing sometimes in great abundance upon young shoots. 
They are particularly numerous, and highly developed, upon 
the petioles and the backs of the leaves of Ferns. They con- 
sist of cellular tissue alone, without any vascular cords, and 
are known from leaves not only by their anatomical structure, 
but also by their irregular position, and by the absence of buds 
from their axils. The student must particularly remark this, 
or he will confound with them leaves having a ramentaceous 
appearance, such as are produced upon the young shoots of 
Pinus. Link remarks, that they are very similar in structure 
to the leaves of mosses. The term striga has occasionally been 
applied to them (Dec. Théor. Elém. ed. 2. 376. Link, Elém. 
240.); but that word was employed by Linnzeus to designate 
any stiff bristle-like process, as the spines of the Cactus, the 
divaricating hairs of Malpighia, and the stiff stellated hairs of 
Hibiscus. So vague an application of the term is very properly 
avoided at the present day, and the substantive is rejected 
from modern glossology; the adjective term strigose is, how- 
ever, occasionally still employed to express a surface covered 
with stiff hairs. 


5. Of Glands. 


GLANDs are small collections of firm cellular tissue, which 
is often much harder and more coloured than that which sur- 
rounds it. ‘They are of several kinds. 

Stalked glands are elevated on a stalk which is either simple 
or branched: they secrete some peculiar matter at their ex- 

E 


50 ORGANOGRAPHY. BOOK I. 


tremities, and are often confounded with the glandular hairs 
above described, from which they have been well distinguished 
by Link. According to that botanist, they are either simple 
or compound; the former consisting of a single cell, and 
placed upon a hair acting as a simple conduit, occasionally in- 
terrupted by divisions; the latter consisting of several cells, 
and seated upon a stalk containing several conduits, formed 
by rows of cellular tissue. They are common upon the rose 
and the bramble, in which they become very rigid, and as- 
sume the nature of aculei. For the sake of distinguishing 
them from the latter, they have been called sete by Woods 
and myself, but improperly ; they are also the aiguillons of the 
French. In Hypericum they abound on the calyx and corolla 
of some species, but do not give out any exudation ; they con- 
tain, however, a deep red juice within their cells. In some 
Jatrophas they are much branched; in many Diosmez they 
form a curious humid appendage at the apex of the stamens. 
Sessile glands, verruce, or warts, are produced upon various 
parts, and are extremely variable in figure. In Cassias, they 
are seated upon the upper edge of the petiole, and are usually 
cylindrical or conical; in Cruciferous plants they are little 
roundish shining bodies, arising from just below the base of 
the ovary; in the leafless Acacias they are depressed, with a 
thickened rim, and placed on the upper edge of the phyllo- 
dium; they are little kidney-shaped bodies upon the petiole 
of the Peach and other drupaceous plants ; and they assume 
many more appearances. They are common upon the petiole, 
as in Passiflora ; they are also found upon the calyx, as in some 
species of Campanula, and at the serratures of the leaves, 
when they are considered by Roper (De Floribus Balsaminea- 
rum, p. 15.) to be abortive ovules; and they appear upon the 
pericarp and the skin of the seed; in the latter case they are 
called spongiole seminales by De Candolle. They are remark- 
able in Dionzea muscipula for growing from the mouth of the 
stomates ; and in Nepenthes for closing up the same organs by 
forming underneath them. (See page 42.) In the latter 
plant they are found, moreover, in the form of hard brown 
concretions, lying beneath the cuticle, at the bottom of the 
pitchers. In figure they are round, oblong, or reniform, and 
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occasionally cupulate, when they receive the name of glandes 
a godet (glandule urceolares) from some French writers. 
Warts are the glandes cellulaires of Mirbel; but they must not 
be confounded with the glandes vasculaires of the same writer, 
which are not mere excrescences of the epidermis, but modifi- 
cations of well known organs. (See Discus, further on.) The 
presence of minute warts upon the surface of a leaf gives rise 
to a peculiar kind of roughness which is called scabrities, and 
such a surface is then said to be scabrous (scaber): this must 
not be confounded with asperity. 

Papille (Glandule utriculaires of Guettard) are minute 
transparent elevated points of the cuticle, filled with fluid, and 
covering closely the whole surface upon which they appear. 
In other words, they are elevated, distended bladders of the 
cuticle. The presence of papillze upon the leaves of the ice 
plant gives rise to the peculiar crystalline nature of its surface ; 
they also cause the satiny appearance of the petals, upon 
which they almost always exist in great quantities. Link re- 
marks, that the petals of Plantago, which are destitute of pa- 
pillae, are also without the usual satiny lustre of those organs. 
When the papillze are much elongated beyond the surface, as 
in many stigmas, of which they form the collecting fringes, 
they receive sometimes the name of papule. It should be ob- 
served, that in De Candolle’s Théorie Elémentaire, these two 
terms are transposed, each having received the definition be- 
longing to the other. 

Lenticular glands (Lenticelles of De Candolle; Glandes 
lenticulaires of Guettard;) are brown oval spots found upon 
the bark of many plants, especially willows: they indicate the 
points from which roots will appear if the branch be placed 
in circumstances favourable to their production. They are 
considered by De Candolle to bear the same relation to the 
roots that buds bear to young branches. (Premier Mém. sur 
les Lentic., in the Ann. des Sciences Naturelles.) It is, how- 
ever, extremely doubtful whether they are anything more 
than portions of the bark, either disturbed by the growth of 
incipient roots, or disorganised by some other unknown 
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6. Of Prickles. 


PrickLEs (aculei) are rigid, opaque, conical processes, 
formed of masses of cellular tissue, and terminating in an 
acute point. They may be, not improperly, considered as 
very compound hardened hairs. They have no connection 
with the woody tissue, by which character they are obviously 
distinguished from spines, of which mention will be made un- 
der the head of branches. Prickles are found upon all parts 
of a plant, except the stipules and stamens. They are very 
rarely found upon the corolla, as in Solanum Hystrix; their 
most usual place is upon the stem, as in Rosa, Rubus, &c. 


Sect. II. Of the Stem or Ascending Axis. 


WueN a plant first begins to grow from the seed, it is a 
little body called an embryo, with two opposite extremities, 
of which the one lengthens in the direction of the earth’s 
centre, and the other, taking a direction exactly the contrary, 
extends upwards into the air. This disposition to develope in 
two diametrically opposite directions is found in all seeds, 
properly so called, there being no known exception to it; and 
the tendency is moreover so powerful, that, as we shall here- 
after see (Book II.), no external influence is sufficient to over- 
come it. The result of this developement is the axis, or 
centre, round which the leaves and other appendages are ar- 
ranged. ‘That part of the axis which forces its way down- 
wards, constantly avoiding light, and withdrawing from the 
influence of the air, is the descending axis, or the root; and 
that which seeks the light, always striving to expose itself to 
the air, and expanding itself to the utmost extent of its nature 
to the solar rays, is the ascending axis, or the stem. As the 
double elongation just mentioned exists in all plants, it follows 
that all plants must necessarily have, at an early period of 
their existence at least, both stem and root; and that, con- 
sequently, when plants are said to be rootless, or stemless, 
such expressions are not to be considered physiologically 
correct. 
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The Srem has received many names; such as caudex 
ascendens, caudex intermedius, culmus, stipes, truncus, and truncus 
ascendens. It always consists of bundles of vascular and woody 
tissue, embedded in cellular substance in various ways, and 
the whole enclosed within a cuticle. The manner in which 
these parts are arranged with respect to each other will be ex- 
plained hereafter. The more immediate subject of consideration 
must be the parts that are common to all stems. 


1. Of its Parts. 


Where the stem and root, or the ascending and descending 
axes diverge, there commences in many plants a difference 
of anatomical structure, and in all a very essential physiolo- 
gical dissimilarity ; as will be hereafter seen. This portion of 
the axis is called the neck or collum, (coarcture of Grew, neud 
vital of Lamarck, limes communis, or fundus plante, of Jungius,) 
and has been thought by some to be the seat of vegetable 
vitality ; an erroneous idea, of which more will be said in the 
next book. At first it is a space that we have no difficulty in 
distinguishing, so long as the embryo, or young plant, has 
not undergone any considerable change; but in process of 
time it is externally obliterated ; so that in trees of a few years’ 
growth its existence becomes a matter of theory, instead of 
being actually evident to our senses. 

Immediately consequent upon the growth of a plant is the 
formation of leaves. ‘The point of the stem from whence these 
arise is called the node (geniculum, Jungius), and the space 
between two nodes is called an internode (merithallus, Du Petit 
Thouars). In internodes the arrangement of the vascular and 
woody tissue, of whatever nature it may be, of which they are 
composed, is nearly parallel, or, at least, experiences no hori- 
zontal interruption. At the nodes, on the contrary, vessels 
are sent off horizontally into the leaf; the general develope- 
ment of the axis is momentarily arrested while this horizontal 
communication is effecting, and all the tissue is more or less 
contracted. In many plants this contraction, although it 
always exists, is scarcely appreciable; but in others it takes 
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place in so remarkable a degree as to give their stems a pecu- 
liar character; as, for instance, in the Bamboo, in which it 
causes diaphragms that continue to grow and harden, notwith- 
standing the powerfully rapid horizontal distension to which 
the stems of that plant are subject. In all cases, without 
exception, a leaf-bud or buds is formed at a node immediately 
above the base of the leaf; generally such a bud is either 
sufficiently apparent to be readily recognised by the naked 
eye, or, at least, it becomes apparent at some time or other: 
but in certain plants, as Heaths, the buds are often never 
discoverable; nevertheless, they always exist, in however ru- 
dimentary a state, as is proved by their occasional develope- 
ment under favourable or uncommon cireumstances. By some 
writers nodes, upon which buds are obviously formed, are 
called compound, or artiphyllous ; and those in which no ap- 
parent buds are discoverable, are named simple, or pleiophyllous : 
they are also said to be divided, when they do not surround the 
stem, as in the apple and other alternate-leaved genera; or 
entire, when they do surround it, as in grasses and umbelliferous 
plants: they are further said to be pervious, when the pith 
passes through them without interruption; or closed, when the 
canal of the pith is interrupted, as if by a partition. Per- 
vious and divided, and closed and entire nodes, usually ac- 
company each other. For other remarks upon this subject, 
see Link’s Llementa. 

All the divisions of a stem are in general terms called 
branches (rami); but it is occasionally found convenient to 
designate particular kinds of branches by special names. 
Thus, the twigs, or youngest shoots, are called ramuli, or 
branchlets (brindilles or ramilles, Fr.), and by the older bo- 
tanists flagella ; the assemblage of branches which forms the 
head of a forest tree is called the coma: cyma is sometimes 
used to express the same thing, but improperly. Shoots 
which have not completed their growth have received the 
name of innovations, a term usually applied in mosses. When 
‘such a shoot is covered with scales upon its first appearance, 
as the Asparagus, it is called turio: by the old botanists all 
such shoots were named asparagi. When a shoot is long and 
flexible, it receives the name of vimen. This word, however, 
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is seldom used; its adjective being employed instead: thus, 
we say, rami viminet, or caulis vimineus; and not vimen. 
From this kind of branch, that called a virgate stem, caulis 
virgatus, differs only in being less flexible and more rigid. A 
young slender branch of a tree or shrub is sometimes named 
virgultum. When the branches diverge nearly at right angles 
from the stem, they are said to be brachiate. Small stems, 
which proceed from buds formed at the neck of a plant 
without the previous production of a leaf, are called cauliculi. 

Besides these terms, Du Petit Thouars employed certain 
French words in a way peculiar to himself. ‘The first young 
shoot produced during the year by a tree, he named scion ; 
any subsequent shoots formed by the scion, he termed ramilles ; 
the shoot that supports the scion was a rameau ; that which 
supports the rameau a branche ; and the trunk which bears the 
whole the trone. Link calls a stem which proceeds straight 
from the earth to the summit, bearing its branches on its sides, 
as Pinus, a caulis excurrens, and a stem which at a certain 
distance above the earth breaks out into irregular ramifica- 
tions, a caulis deliquescens. 

From the constitution and ramifications of their branches, 
plants are divided into trees, shrubs, and herbs. If the 
branches are perennial, and supported upon a trunk, a ¢ree 
(arbor) is said to be formed; for a small tree, the term arbus- 
culus is sometimes employed. When the branches are peren- 
nial, proceeding directly from the surface of the earth without 
any supporting trunk, we have a shrub (frutex or arbustum, 
Lat.; and arbrisseau, Fr.), which occasionally, when very small, 
receives the diminutive name of fruticulus. If a shrub is low, 
and very much branched, it is often called dumosus (subst. 
dumus) : this kind of shrub is what the French understand by 
their word buisson. The suffrutex, under-shrub, or sous-arbris- 
seau, differs from the shrub, in perishing annually, either 
wholly or in part; and from ‘the herb, in having branches 
of a woody texture, which frequently exist more than one 
year: such is the Mignonette (Reseda odorota) in its native 
country, or in the state in which it is known in gardens as the 
Tree Mignonette. The under-shrub is exactly intermediate 
between the shrub and the herb. All plants producing shoots 
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of annual duration from the surface of the earth are called 
herbs. 

Some botanists distinguish two sorts of stems, the characters 
of which are derived from their mode of growth. When a 
stem is never terminated by a flower-bud, nor has its growth 
stopped by any other organic cause, as in Veronica arvensis, 
and all perennial and arborescent plants, it is said to be in- 
determinate ; but when a stem has its growth uniformly 
stopped at a particular period of its existence by the production 
of a terminal bud, or by some such cause, it called determi- 
nate. ‘The capitate and verticillate species of Mint owe their 
differences to causes of this nature; the stem of the former 
being determinate, the latter indeterminate. 

The point whence two branches diverge is called the azil, 
or, in old botanical language, the ala. 

Leaf-buds (Gemma, Linn.; Bourgeon, Fr.), being the rudi- 
ments of young branches, are of great importance in regard 
to the general structure of a plant. They consist of scales 


imbricated over each other, the outermost being the hardest 
and thickest, and surrounding a minute cellular axis, or grow- 
ing point, which is in direct communication with the woody 
and cellular tissue of the stem. In other words, they may be 
said to be growing points covered with rudimentary leaves for 
their protection, and to consist of a highly excitable mass of 
cellular substance originating in the pith, and having a special 
power of extension in length. Under ordinary circumstances, 
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the growing point clothes itself with leaves as it advances, and 
then it becomes a branch; but sometimes it simply hardens as 
it grows, and forms a sharp conical projection called a spine, 
as in the Gleditschia, the Sloe, &c. 

The spine must not be confounded with the prickle or 
aculeus already described, from which it differs in having a 
considerable quantity of woody tissue in its structure, and in 
being as much in communication with the central parts of a 
stem as branches themselves; while prickles are merely su- 
perficial concretions of hardened cellular tissue. Spines 
occasionally, as in the Whitethorn, bear leaves; in domesti- 
cated plants they often entirely disappear, as in the Apple and 
Pear, the wild varieties of which are spiny, and the cultivated 
ones spineless. 

We ought to consider the spadix of the Arum, and several 
forms of disk hereafter to be described, as modifications of the 
growing point of the bud, and consequently as analogous to 
spines. 

Linneeus called the bud Hybernaculum, because it serves for 
the winter protection of the young and tender parts; and dis- 
tinguished it into the Gemma, or leaf-bud of the stem, and the 
Bulb, or leaf-bud of the root. 

The leaf-bud has been compared by Du Petit Thouars and 
some other botanists to the embryo, and has even been deno- 
minated a fixed embryo. ‘This comparison must not, however, 
be understood to indicate any positive identity between these 
two parts in structure, but merely an analogous function, both 
being formed for the purpose of reproduction; but in origin 
and structure they are entirely different. ‘The leaf-bud con- 
sists of both vascular and cellular tissue, the embryo of cellu- 
lar tissue only: the leaf-bud is produced without fertilization, 
to the embryo this is essential: finally, the leaf-bud perpetu- 
ates the individual, the embryo continues the species. 

The usual, or normal, situation of leafbuds is in the axil of 
leaves ; and all departure from this position is either irregular 
or accidental. Botanists give them the name of regular when 
they are placed in their normal station, and they call all 
others latent or adventitious. ‘The latter have been found in 
almost every part of plants; the roots, the internodes, the 
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petiole, the leaf itself, have all been remarked producing 
them. On the leaf they usually proceed from the margin, as 
in Malaxis paludosa, where they form minute granulations, 
first determined to be buds by Henslow, or as in Bryophyl- 
lum calycinum and Tellima grandiflora; but they have been 
seen by Turpin proceeding from the surface of the leaf of 
Ornithogalum.. (Fig. 18.) 


We are wholly unacquainted with the cause of the forma- 
tion of leaf-buds; all we know is, that they proceed exclu- 
sively from cellular tissue; and if produced on the stem, from 
the mouths of medullary rays. It would seem as if certain 
unknown forces were occasionally so exerted upon a bladder 
as to stimulate it into a preternatural degree of activity, the 
result of which is the production of vessels, and the formation of 
a nucleus having the power of lengthening. ‘There is, indeed, 
an opinion, which I believe is that of Mr. Knight, that the 
sap itself can at any time generate buds without any previously 
formed rudiment; and that they depend, not upon a specific 
alteration of the arrangement of the vascular system, called 
into action by particular circumstances, but upon a state of the 
sap favourable to their creation. In proof of this it has been 
said, that if a bud of the Prunus Pseudo-cerasus, or Chinese 
Cherry, be inserted upon a cherry stock, it will grow freely, 
and after a time will emit small roots from just above its 
union with the stock; at the time when these little roots are 
formed, let the shoot be cut back to within a short dis- 
tance of the stock, and the little roots will then, in conse- 
quence of the great impulsion of sap into them, become 
branches emitting leaves. 
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The leaf-buds of the deciduous trees of cold climates are 
covered by scales, which are also called tegmenta ; these afford 
protection against cold and external accidents, and vary much 
in texture, thickness, and other characters. Thus, in the 
Beech, the scales are thin, smooth, and dry; in many Willows 
they are covered with a thick down; in Populus balsamifera 
they exude a tenacious viscid juice. In herbaceous. plants 
and trees of climates in which vegetation is not exposed to 
severe cold, the leaf-buds have no scales; which is also, but 
very rarely, the case in some northern shrubs, as Rhamnus 
Frangula. 

The scales of the bud, however dissimilar they may be to 
leaves in their ordinary appearance, are nevertheless, in 
reality, leaves in an imperfectly formed state. They are the 
last leaves of the season, developed at a period when the cur- 
rent of vegetation is stopping, and when the vital powers have 
become almost torpid. That such is really their nature is 
apparent from the gradual transition from scales to perfect 
leaves that occurs in ‘such plants as Viburnum prunifolium, 
Magnolia acuminata, Liriodendron tulipifera, and A%sculus 
Pavia; in the latter the transition is, perhaps, most satisfac- 
torily manifested. In this plant the scales. on the outside are 
short, hard, dry, and brown; those next them are longer, 
greenish, and delicate ; within these they become dilated, are 
slightly coloured pink, and occasionally bear a few imperfect 
leaflets at their apex; next to them are developed leaves of. 
the ordinary character, except that their petiole is dilated and 
membranous like the inner scales of the bud; and, finally, 
perfectly formed leaves complete the series of transitions. 

Among the varieties of root is sometimes classed what 
botanists call a bulb; a scaly body, formed at or beneath the 
surface of the ground, emitting roots from its base, and pro- 
ducing a stem from its centre. Linnezeus considered it the 
leaf-bud of a root; but in this he was partly mistaken, roots 
being essentially characterised by the absence of buds. He 
was, however, perfectly correct in identifying it with a leaf- 
bud. A bulb has the power of propagating itself by deve- 
loping in the axils of its scales new bulbs, or what gardeners 
call cloves, (Cayeu, French; Nucleus and Adnascens of the 
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older botanists; Adnatum of Richard;) which grow at the ex- 
pense of their parent bulb, and eventually destroy it. Every 
true bulb is, therefore, necessarily formed of imbricated scales, 
and a solid bulb has no existence. The bulbi solidi,.as 
they have been called, of the Crocus, the Colchicum, and 
others, are, as we shall hereafter see (see Cormus), a kind of 
subterranean stem: they are distinct from the bulb in being, 
not an imbricated scaly bud, but a solid fleshy stem, itself 
emitting buds. It has been supposed that they were buds, 
the scales of which had become consolidated; but this hypo- 
thesis leads to this very inadmissible conclusion, —that as the 
cormus or solid bulb of a Crocus is essentially the same, ex- 
cept in size and situation, as the stem of a Palm, the stem of 
a Palm must be a solid bulb also, which is absurd. In truth, 
the bulb is analogous to the bud that is seated upon the cor- 
mus, and not to the cormus itself; a bulb being an enlarged 
subterranean bud without a stem, the cormus a subterranean 
stem with buds on its surface. 
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1. The tunicated bulb (fig. 20.), of which the outer scales are 
thin and membranous, and cohere in the form of a distinct 
covering, as in the onion; and, 2. the naked bulb (Bulbus 
squamosus) (fig. 21. 22.), in which the outer scales are not 
membranous and united, but distinct and fleshy like the inner 
scales, as in Lilium. The outer covering of a bulb of the 
first kind is called the tunic. 
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Besides the bulbs properly so called, there are certain 
leaf-buds, developed upon stems in the air, and separating 
spontaneously from the part that bears them, which are alto- 
gether of the nature of bulbs. Such are found in Lilium 
tigrinum, some Alliums, &c. They have been called dulbilli, 
propagines, sautilles, bacilli, &c. Care must be taken not to 
follow some botanists, in confounding with them the seeds of 
certain Amaryllideze, which have a fleshy coat; but- which, 
with a vague external resemblance to bulbs, have in every re- 
spect the structure of genuine seeds. 

The tegmenta, or scales of the bud, have received the fol- 
lowing names, according to the part of the leaf of which they 
appear to be a transformation; such terms are, however, but 
seldom employed : — 

1. Foliacea, when they are abortive leaves, as in Daphne 
Mezereum. : 

2. Petiolacea, when they are formed by the persistent base 
of the petiole, as in Juglans regia. 

3. Stipulacea, when they arise from the union of stipules, 
which roll together and envelope the young shoot, as in Car- 
pinus, Ostrya, Magnolia, &c. 

4. Fulcracea, when they are formed of petioles and stipules 
combined, as in Prunus domestica, &c. — (Rich. Nouv. Elem. 
134. ed. 3.) 

The manner in which the young leaves are arranged within 
the leaf-bud is called foliation, or vernation. ‘The names applied 
to the various modifications of this will be explained in 
Glossology; they are of great practical importance both for 
distinguishing species, genera, and even natural orders ; 
but have, nevertheless, received very little general atten- 
tion. ‘The vernation of Prunus Cerasus is conduplicate ; of 
Prunus domestica, convolute; of Filices and Cycadeee, circinate, 
and so on. 


2. Of its External Modifications. 


It has already been stated, that the first direction taken by 
the stem immediately upon its developement is upwards into 
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the air. While this ascending tendency is by many plants 
maintained during the whole period of their existence, by 
others it is departed from at an early age, and a horizontal 
course is taken instead; while also free communication with 
light and air is essential to most stems, others remain during 
all their lives buried under ground, and shun rather than seek 
the light. From these and other causes, the stems of plants 
assume a number of different states, to which botanists attach 
particular terms. It will be most convenient to divide the 
subject into the varieties of — 

1. The subterranean stem; and, 

2. The aerial stem. 

The sUBTERBANEAN stem, often called souche by the French, 
was confounded by all the older botanists, as it still is by the 
vulgar, with the root, to which it bears an external resem- 
blance, but from which it is positively distinguished both 
by its ascending origin, and by its anatomical structure. 


(See Root.) 


The following are the varieties which have been distin- 
guished : — 

The Cormus, fig. 23. (Lecus of Du Petit Thouars, Plateau 
of De Candolle), is the dilated base of the stem of Monocoty- 
ledonous plants, intervening between the roots and the first 
buds; and forming the reproductive portion of the stem of 
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such plants when they are not caulescent. It is composed of 
cellular tissue, traversed by bundles of vessels and woody 
fibre, and has the form of a flattened disk. ‘The fleshy root 
of the Arum, that of the Crocus and the Colchicum, are all 
different forms of the Cormus. It has been called bulbo-tuber 
by Ker, and bulbus solidus by many others; the last is a con- 
tradiction in terms. (See Bulb.) 

The stems of Palms have by some writers been considered 
as an extended cormus, and not a true stem, but this seems an 
extravagant application of the term; or rather an application 
which reduces the signification of the term to nothing. A 
cormus is a depressed subterranean stem of a particular kind ; 
the trunk of a Palm is, as far as its external character is con- 
cerned, as much a stem as that of an Oak. De Candolle ap- 
plies the name cormus only to the stems of Cryptogamous 
plants, and refers to it the Anabices of Necker. 

The Tuber, fig. 24. (Tuberculum if very small), is an 
annual thickened subterranean stem, provided at the sides 
with latent buds, from which new plants are produced the 
succeeding year, as in the Potato and Arrow-root. A tuber 
is, in reality, a part of a subterranean stem, excessively en- 
larged by the developement to an unusual degree of cellular 
tissue. The usual consequences attendant upon such a state 
take place; the regular and symmetrical arrangement of the 
buds is disturbed; the buds themselves are sunk beneath the 
surface, or half obliterated, and the whole becomes a shapeless 
mass. Such is not, however, always the case; the enlarge- 
ment sometimes occurs withont being accompanied by much 
distortion, and the true nature of the tuber stands revealed ; 
this is remarkably the case in the Asparagus Potato. In most, 
perhaps all tubers, a great quantity of amylaceous matter 
is deposited, on which account they are frequently found to 
possess highly nutritive properties. 

The Creeping stem, fig. 25. (soboles), is a slender stem, which 
creeps along horizontally below the surface of the earth, emit- 
ting roots and new plants at intervals, as in the Triticum 
repens. It differs in nothing whatever from the rhizoma, ex- 
cept in being subterranean. ‘This is what many botanists call 
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a creeping root. It is one of those provisions of nature by 
which the barren sands that bound the sea are confined 
within their limits; most of the plants which cover such soils 
being provided with subterranean stems of this kind. It is 
also extremely tenacious of life, the buds at every node being 
capable of renewing the existence of the individual, hence 
the almost indestructible properties of the Couch grass, Triti- 
cum repens, by the ordinary operations of husbandry; divi- 
sions of its creeping stem, by cutting and tearing, producing 
no other effect than that of calling new individuals into exist- 
ence as fast as others are destroyed. ‘The term soboles is 
applied by Link and De Candolle to the sucker of trees and 
shrubs. (See Surculus.) 

Of the AERIAL stem, the most remarkable forms are the 
following : — 


The term stem (caulis) is generally applied to the ascending 
caudex of herbaceous plants or shrubs, and not to trees, in 
which the word trunk is employed to indicate their main stem ; 
sometimes, however, this is called caulis arboreus. From the 
caulis, Linnzeus, following the older botanists, distinguished 
the culmus or straw (Chaume, Fr.), which is the stem of 
Grasses; and De Candolle has further adopted the name Ca- 
lamus (Chalumeau, Fr.) for all fistulous simple stems without 
articulations, as those of Rushes; but neither of these differ in 
any material degree from common stems, and the employment 
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of either term is superfluous. This has been already remarked 
with respect to culmus by Link, who very justly inquires 
(Linnea, ii. 235.) “cur Graminibus caulem denegares et cul- 
mum diceres ?” 

The Runner, fig. 26. (sarmentum of Fuchs. and Linnezeus, 
coulant of the French), is a prostrate filiform stem, forming at 
its extremity roots and a young plant, which itself gives birth 
to new runners, as in the Strawberry. Rightly considered, it 
is a prostrate viviparous scape; that is to say, a scape which 
produces roots and leaves instead of flowers. It has been 
called flagellum by some modern botanists, but that term pro- 
perly applies to the trailing shoots of the vine. 

The Sucker, fig. 28. (surculus), called by the French dragon 
or surgeon, is a branch which proceeds from the neck of a 
plant beneath the surface, and becomes erect as soon as it 
emerges from the earth, immediately producing leaves and 
branches, and subsequently roots from its base, as in Rosa 
spinosissima, and many other plants. Link applies the term 
soboles to this form of stem. From this has been distinguished 
by some botanists the Stole (stolo, Lat.; and jet, French) ; 
which may be considered the reverse of the sucker, it differing 
in proceeding from the stem above the surface of the earth, 
into which it afterwards descends and takes root, as in Aster 
junceus; but there does not appear to be any material distinc- 
tion between them. Willdenow confines the term surculus to 
the creeping stems of Mosses. By the older botanists a sucker 
was always understood by the word stolo, and surculus indi- 
cated a vigorous young shoot without branches. 

The shoots thrown up from the subterranean part of the 
stem of Monocotyledonous plants, as the Pineapple for ex- 
ample (the Adnata, Adnascentia, or Appendices of Fuchsius), 
are of the nature of suckers. 

It may be here remarked, that aap has given rise to the 
name stool, which is applied to the parent plant, whence 
young individuals are propagated by the process of layering, as 
it is technically called by gardeners. The branch laid down 
was termed propago by the older botanists, and the layer was 
called malleolus, which literally signifies a hammer; the name 
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was thus applied, because, when the layer is separated from its 
parent, its lower end resembles a hammer head, of which the 
new plant represents the handle. 

The Offset, fig. 29. (propaculum, Link), is a short lateral 
branch in some herbaceous plants, terminated by a cluster of 
leaves, and capable of taking root when separated from the 
mother plant, as in Sempervivum. _ It differs very little from 
the runner. 

The Rootstock, fig. 27. (rhizoma), is a prostrate thickened 
rooting stem, which yearly produces young branches or plants. 
It is chiefly found in Irideze and epiphytous Orchideee, and is 
often called caudex repens. ‘The old botanists called it cerviz, 
—a name now forgotten. 

The Vine, fig. 30. (viticula, Fuchs.), is a stem which trails 
along the ground without rooting, or entangles itself with 
other plants, to which it adheres by means of its tendrils, as 
the Cucumber and the Vine. ‘This term is now rarely em- 
ployed. De Candolle refers it to the runner or sarmentum ; 
but it is essentially distinct from that form of stem. 

If a plant is apparently destitute of an aerial stem, it is 
technically called stemless (acaulis), a term which must not 
however be understood to be exact, because it is, from the 
nature of things, impossible that any plant can exist without 
a stem in a greater or less degree of developement. All that 
the term acaulis really means, is that the stem is very short. 

The Pseudobulb is an enlarged aerial stem, resembling a 
tuber, from which it scarcely differs, except in its being formed 
above ground, in having a cuticle that is often extremely hard, 
and in retaining upon its surface the scars of leaves that it 
once bore. This is only known in Orchideous plants, in 
which it is very common: the tuber of Arrow-root is inter- 
mediate between the Pseudobulb and the genuine tuber. 


3. Of its Internal Modifications. 


The internal structure of the stems of Flowering plants, is 
subject to two principal and to several subordinate modifica- 
tions. The former are well illustrated by such plants as the 
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Oak and the Cane, specimens of which can be easily obtained 
for comparison. A transverse slice of the former exhibits a 
central cellular substance or pith, an external cellular and 
fibrous ring or bark, an intermediate woody mass, and certain 
fine lines radiating from the pith to the bark, through the 
wood, and called medullary rays ; this is called Exogenous 
structure. In the Cane, on the contrary, neither bark, nor 
pith, nor wood, nor medullary rays, are distinguishable; but 
the transverse section exhibits a large number of holes irregu- 
larly arranged, and caused by the section of vasiform tissue, 
and the mass of woody and cellular substance in which they 
lie imbedded. ‘This kind of structure is named ENDOGENOUS. 

In both cases there is a cellular and vascular system distinct 
from each other; it is only by a diversity in their respective 
arrangement that the differences above described are caused. 
In explaining in detail the peculiar structure of Exogenous 
and Endogenous stems, it will be more convenient to consider 
them with reference to those two systems, than to follow the 
usual method of leaving the fact of there being two distinct 
systems out of consideration. 


§ 1. Of the Exogenous Structure. 


The cellular system in an Exogenous stem chiefly occupies 
EZ 
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the centre and the circumference, which are connected by thin 
vertical plates of the same nature 32 

as themselves. The central part Pie «, 

(a, fig. 32.) is the pith, that of the 

circumference (0) is the bark, ae Qe 

the connecting vertical plates (c) are Ost 
medullary rays. 


The pith is a cylindrical or an- ‘s = 
gular column of cellular nang he dl ins 


arising at the neck of the stem 
and terminating at the leaf-buds, 
with all of which, whether they are lateral or terminal, it is in 
direct communication. Its tissue, when cut through, almost 
always exhibits an hexagonal character, and is frequently 
larger than in any other part. When newly formed, it is 
green, and filled with fluid; but its colour gradually disap- 
pears as it dries up, and it finally becomes colourless. After 
this it undergoes no further change, unless by the deposition 
in it, in course of time, of some of the peculiar secretions of 
the species to which it belongs. It has been contended, in- 
deed, by some physiologists, that it is gradually pressed upon 
by the surrounding part of the vascular system, until it is 
either much reduced in diameter or wholly disappears ; and in 
proof of this assertion, the Elder has been referred to, in 
which the pith is very large in the young shoots, and very 
small in the old trunks. Those, however, who entertain this 
_ opinion, seem not to consider that the diameter of the pith of 
all trees is different in different shoots, according to the age of 
those shoots ; — that in the first that arises after germination, 
the pith is a mere thread, or at least of very small dimensions 
— that in the shoots of the succeeding year it becomes larger 
— and that its dimensions increase in proportion to the gene- 
ral rapidity of developement of the vegetable system: the pith, 
therefore, in the first-formed shoots, in which it is so small 
compared with that in the branches of subsequent years, is 
not small because of the pressure of surrounding parts; it 
never was any larger. 

The pith is always, when first forming, a uniform compact 
mass, connected without interruption in any part; but the 
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vascular system sometimes developing more rapidly than itself, 
it occasionally happens that it is either torn or divided into 
irregular cavities, as in the Horse Chestnut, the Rice-paper 
plant, and many others; or that it is so much lacerated as to 
lose all resemblance to its original state, and to remain in the 
shape of ragged fragments adhering to the inside of the vas- 
cular system: this is what happens in Umbelliferous and other 
fistular-stemmed plants. 

Sometimes the pith is much more compact at the nodes than 
in the internodes, as in the Ash; whence an idea has arisen 
that it is actually interrupted at those places: this is, however, 
an obvious mistake; there is no interruption of continuity, but 
a mere alteration in compactness. 

It very seldom happens that any part of the vascular system 
intermixes with the pith, which is almost always composed of 
cellular tissue exclusively; but in Ferula and the Marvel of 
Peru, it has been proved by Mirbel and De Candolle, that 
bundles of woody fibre are intermixed; and in Nepenthes 
there is a considerable quantity of spiral vessels scattered 
among the cellular tissue of the same part. 

The Bark is the external coating of the stem, lying imme- 
diately over the wood, to which it forms a sort of sheath, and 
from which it is always distinctly separable. When but one 
year old, it consists of an exterior coating of cellular substance, 
called the cellular integument or the epidermis, and of an in- 
terior lining of woody tissue, called the liber or inner bark: if 
more than one year old, then it is composed of as many layers 
of cellular integument and woody tissue as it is years old, the 
former being invariably external, and the latter internal, in 
each layer; and every layer being formed beneath the previous 
one, and therefore next the wood. In consequence of the 
new bark being continually generated within that of the pre- 
vious year, it is necessary that the latter, which is pushed 
outwards, should be extensible; and in many plants this ex- 
tensibility takes place to a considerable degree. In the Apple, 
several successive zones of bark are formed without any 
appearance of a dislocation or disruption of the tissue of 
the outside; and in the Daphne Lagetto, the fibres of the 
liber are so tenacious that, instead of being ruptured by 
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the force of the inward growth, they are separated into 
_ lozenge-shaped meshes, arranged in such beautiful order, 
as to have acquired for the plant itself the name of the Lace 
Bark Tree. There exists, however, in all cases, a limit to 
the extensibility of the old layers of bark; and when this is 
reached, the outer bark either splits into deep fissures, as in 
the Oak, the Elm, the Cork, and most of our European trees, 
or it falls away in broad plates, as in the Plane, or it peels off 
in long thin ribands, as in the Birch. 

As there is a double layer of cellular integument and woody 
fibre formed every year, it follows that the age of a tree ought 
to be indicated by the number of such deposits contained in 
its bark. But the arrangement of the zones is so very soon 
disturbed, and the distinction between them becomes so im- 
perfect, that even when the outermost coating is still entire, it 
is scarcely practicable to count the zones; and as soon as the 
outside begins to split or peel off, all traces of their full num- 
ber necessarily disappear. 

That the bark really increases by constant deposits of new 
matter between it and the wood, is demonstrated by introduc- 
ing a piece of metal into the liber of a tree, and watching it 
subsequently: in process of time it will be protruded to the 
outside, and will finally fall away. 

Notwithstanding the fibrous character of a certain portion 
of the bark, it is generally so brittle as to be capable of 
breaking in all directions with a clean fracture, as soon as it 
becomes dry and ceases to live; but in many plants, when 
young, it is so tough as to be applied to different economical 
purposes. The Russia mats of commerce are prepared from 
the liber of two or three species of Tilia, that of numerous 
Malvaceze is manufactured into cordage, and similar pro- 
perties are found in that of many other plants. 

When stems are old, the bark usually bears but a small 
proportion in thickness to the wood; yet in some plants its 
dimensions are of a magnitude that is very remarkable. For 
instance, specimens of Abies Douglasii have been brought to 
Kurope twelve inches thick, and these are said not to be of 
the largest size. 

Air cells and Vasa propria are exceedingly common in the 
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bark, but there is no well-authenticated instance of any spiral 
vessels having been found in it; except in Nepenthes, in 
which they occur in almost every part, and exist in no incon- 
siderable numbers in the bark. Don states that spiral vessels 
abound in the bark of Urtica nivea, but I have not succeeded 
in discovering them there. 

Beneath the bark and above the wood is interposed in the 
spring a mucous viscid layer, which, when highly magnified, 
is found to consist of numerous minute transparent granules, 
and to exhibit faint traces of a delicate cellular organisation. 
This secretion is named the Cambium, and appears to be 
exuded both by the bark and wood, certainly by the latter. 

The cellular system of the pith and that of the bark are, in 
the embryo, and youngest shoots, in contact; but the vascular 
system, as it forms, gradually interposes between them, till 
after a few weeks they are distinctly separated, and in very aged 
trunks are sometimes divided by a space of several feet; that 
is to say, by half the diameter of the wood. But whatever 
may be the distance between them, a horizontal communi- 
cation of the most perfect kind continues to be maintained. 
When the vascular system is first insinuated into the cellular 
system, dividing the pith and bark, it does not completely 
separate them, but pushes aside a quantity of cellular tissue, 
pressing it tightly into thin vertical radiating plates: as the 
vascular system extends, these plates increase outwardly, con- 
tinuing to maintain the connection between the centre and 
the circumference. Botanists call them medullary rays (or 
plates); and carpenters, the silver grain. They are composed 
of muriform cellular tissue (Plate I. fig. 7.), often not con- 
sisting of more than a‘single layer of cellules; but sometimes, 
as in Aristolochias, the number of layers is very considerable 
(Plate II. fig. 12. a). In horizontal sections of an Exoge- 
nous stem, they are seen as fine lines radiating from the centre 
to the circumference; in longitudinal sections they produce 
that glancing satiny lustre which is in all discoverable, and 
which gives to some, such as the Plane and the Sycamore, a 
character of remarkable beauty. 

No vascular tissue is ever found in the medullary rays, un- 
less those curious plates described by Griffith in the wood 
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of Phytocrene gigantea, in which vessels exist, should prove to 
belong to the medullary system. 


The vascular system in an Exogenous stem is confined to 
the space between the pith and the bark, where it chiefly con- 
sists of ducts, and vasiform or woody tissue collected into com- 
pact wedge-shaped vertical plates (fig. 32. d), the edges of 
which rest on the pith and bark, and the sides of which are in 
contact with the medullary rays. 

That portion of the vascular system which is first generated 
is in immediate contact with the pith, to which it forms a 
complete sheath, interrupted only by the passage of the 
medullary rays through it. It consists of spiral vessels and 
woody tissue intermixed, and forms an exceedingly thin 
layer, called the medullary sheath. 'This is the only part of 
the vascular system of the stem in which spiral vessels are or- 
dinarily found; the whole of the vesse!s subsequently depo- 
sited’ over the medullary sheath being ducts, or vasiform tis- 
sue, with a few exceptions. ‘The medullary sheath establishes 
a connection between the axis and all its appendages, the 
veins of leaves, flowers, and fruits, being in all cases prolonga- 
tions of it. It has been remarked by Senebier, and since by 
De Candolle, that it preserves a green colour even in old 
trunks, which proves that it still continues to retain its 
vitality when that of the surrounding parts has ceased. 

The vascular system of a stem one year old consists of a. 
zone of wood lying between the pith and the bark, lined in 
the inside by the medullary sheath, and separated into wedge- 
shaped vertical plates by the medullary rays that pass through 
it. All that part of the first zone which is on the outside of 
the medullary sheath is composed of woody tissue and vessels 
intermixed in no apparent order ; but the vessels are generally 
either in greater abundance next the medullary sheath, or 
confined to that side of the zone, and the woody tissue alone 
forms a compact mass on the outside. The second year 
another zone is formed on the outside of the first, with which 
it agrees exactly in structure, except that there is no medul- 
lary sheath; the third year a third zone is formed on the 
outside the second, in all respects like it; and so on, one 
zone being deposited every year as long as the plant con- 
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tinues to live. As each new zone is formed over that of the 
previous year, the latter undergoes no alteration of structure 
when once formed: wood is not subject to distension by a 
force beneath it, as the bark is; but, whatever the first ar- 
rangement or direction of its tissue may be, such they remain 
to the end of its life. The formation of the wood is, therefore, 
the reverse of that of the bark; the latter increasing by addi- 
tion to its inside, the former by successive deposits upon its 
outside. It is for this reason that stems of this kind are called 
Exogenous (from two Greek words, signifying to grow out- 
wardly). According to Dutrochet, each zone of wood is 
in these plants separated from its neighbour by a layer of cel- 
lular tissue, forming part of the system of the pith and bark; 
but although this is true in certain plants, such as arborescent 
nettles and others, it is by no means a general law. 

After wood has arrived at the age of a few years, or some- 
times even sooner, it acquires a colour different from that 
which it possessed when first deposited, becoming what is 
called heart-wood, or duramen. For instance, in the beech it 
becomes light brown, in the oak deep brown, in Brazil wood 
and Guaiacum green, and in ebony black. In all these it 
was originally colourless, and owes its different tints to matter 
deposited gradually in all parts of the tissue; as may be easily 
proved by throwing a piece of heart-wood into nitric acid, or 
some other solvent, when the colouring matter is discharged, 
and the tissue recovers its original colourless character. ‘That 
part of the wood in which no colouring matter is yet depo- 
sited, and consequently that which, being last formed, is inter- 
posed between the bark and duramen, is called alburnum. 
The distinction between these is physiologically important, as 
will hereafter be explained. 

Each zone of the vascular system of an Exogenous stem 
being the result of a single year’s growth, it should follow that, 
to count the zones apparent in a transverse section is sufficient 
to determine the age of the individual under examination ; 
and further, that, as there is not much difference in the aver- 
age depth of the zones in very old trees, a certain rate of 
growth being ascertained to be peculiar to particular species, 
the examination of a mere fragment of a tree, the diameter of 
which is known, should suffice to enable the botanist to judge 
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with considerable accuracy of the age of the individual to 
which it belonged. It is true, indeed, that the zones become 
less and less deep as a tree advances in age; that in cold sea- 
sons, or after transplantation, or in consequence of any causes 
that may have impeded its growth, the formation of wood is 
so imperfect as scarcely to form a perceptible zone: yet De 
Candolle has endeavoured to show, in a very able paper, Sur 
la Longévité des Arbres, that the general accuracy of calcula- 
tions is not much affected by such accidents ; occasional inter- 
ruptions to growth being scarcely appreciable in the average 
of many years. ‘This is possibly true in European trees, and 
in those of other cold or temperate regions in which the sea- 
sons are distinctly marked; in such the zones are not only 
separated with tolerable precision, but do not vary much in 
annual dimensions. But in many hot countries the difference 
between the growing season and that of rest, if any occur, is 
so small, that the zones are as it were confounded, and the ob- 
server finds himself incapable of distinguishing with exactness 
the formation of one year from that of another. In the wood 
of Guaiacum, Phlomis fruticosa, Metrosideros polymorpha, 
and many other Myrtaceze, for instance, the zones are ex- 
tremely indistinct; in some Bauhinias they are formed with 
great irregularity; and in Stauntonia latifolia, some kinds of 
Ficus, certain species of Aristolochia, as A. labiosa, and many 
other plants, they are so confounded, that there is not the 
slightest trace of annual separation. It is also to be remarked, 
that in Zamias we seldom find more than two or three zones 
of wood, whatever may be the age of the individual; and yet 
it appears from Ecklon’s observations, that a Zamia, with a 
trunk only four or five feet high, can scarcely be less than two 
or three hundred years old. (Lehm. Pugill. vi.) 

With regard to judging of the age of a tree by the inspec- 
tion of a fragment, the diameter of the stem being known, a 
little reflection will show that this is to be done with great 
caution, and that it is liable to excessive error. If, indeed, 
the zones upon both sides of a tree were always of the same, 
or nearly the same, thickness, much error would, perhaps, not 
attend such an investigation; but it happens that, from vari- 
ous causes, there is often a great difference between the growth 
of the two sides, and consequently, that a fragment taken from 
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either side must necessarily lead to the falsest inferences. For 
example, I have now before me four specimens of wood, taken 
almost at hazard from among a fine collection, for which I am 
indebted to the munificence of the East India Company. 
The measurements of either side, and their age, as indicated 
by the number of zones they comprehend, are as follows : — 


| Real 
Diameter of 
: Total. Age, or 
Side A. | Side B. No. Ee Zones. 


Se ee a | 


Benthamia fragifera— - 9 lines. | 36 lines, 45 lines. | 40 
Pyrus foliolosa = - - | 8 lines. 22 lines. | 30 lines. 36 
Magnolia insignis - ~- | 11 lines. | 20 lines. 31 lines. | 17 
Alnus napalensis - ~- | 11 lines. 23 lines. 34 lines. 8 


| 


Now, in the first of these cases, suppose that a portion of the 
side A. were examined, the observer would find that each 
zone is 0:225 of a line deep; and, as the whole diameter of 
the stem is 45 lines, he would estimate the side he examined 
to be 22-5 lines deep ; consequently, he would arrive, by cal- 
culation, at the conclusion, that, as his plant was one year 
growing 0°225 of a line, it would be a hundred years in 
growing 22°5 lines, while, in fact, it has been only forty years. 
And so of the rest. 

When we hear of the Baobab trees of Senegal being 5150 
years old, as computed by Adanson, and the Taxodium dis- 
tichum still more aged, according to the ingenious calculations 
of Alphonse De Candolle, it is impossible to avoid suspecting 
that some such error as that just explained has vitiated their 
conclusions. 

To the characters above assigned to the stem of Exogenous 
plants there are several remarkable exceptions, some of which 
have been described by botanists; others are inentioned now 
for the first time. 

Mirbel has noticed the unusual structure of Calycanthus 
(Annales des Sciences, vol. xiv.), in the bark of which, at equal 
distances, are found four minute extremely eccentrical woody 
axes, the principal diameter of which is inwards; that is to say, 
next the wood. ‘The existence of this structure, noticed by 
the discoverer only in C. floridus, I have since ascertained in 
all the other species, and also in Chimonanthus. Gaudichaud 
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attempts to explain this curious mode of growth upon the sup- 
position that each leaf forms three fascicles of woody matter, 
whereof the central is the most powerful, and produces the 
mass of the stem; and the lateral ones, which are much 
weaker, give origin to the accessory axes;—and he states, 
that in climbing Sapindaceous plants the same phenomenon 
occurs, only to a far greater extent. He represents that in 
those cases the fibres of each leafstalk separate into three or 
four principal branches, each of which applies itself to one of 
the internal woody axes of the stem, which, in time, consists of 
from four to eight distinct axes, the central being larger than 
the others, and each having its own cortical integument. The 
fact is exceedingly curious, but I doubt very much whether 
the explanation is just. (Arch. de Bot., 11. 492.) 
In Coniferous wood (fig. 33.) there is 33 

scarcely any mixture of vessels among 
woody fibre, asin other exogenous plants; 
in consequence of which a cross section 
exhibits none of those open mouths which 
are caused by the division of vessels, 
and which give what is vulgarly called 
porosity to wood. Instead of this, the 
vascular system generally consists exclu- 
sively of that kind of woody tissue which 
has been described at p. 20., under the 


<4, 


small numbers. ‘The Yew is the principal exception: in this 
plant the woody tissue is the same as that of other Conifere ; 
but many tubes have a great quantity of little fibres lying ob- 
liquely across them at nearly equal distances, sometimes 
arranged with considerable regularity,—sometimes disturbed 
as it were, so that the transverse fibres, although they retain 
their obliquity, are not parallel,—and sometimes, but more 
rarely, so regular as to give to the tubes of woody fibre the 
appearance of spiral vessels, the coils of which are separated 
by considerable intervals. The latter only is represented by 
Kieser, at his tab. xxi. fig. 103, 104.; but the former is by 
far the most common appearance. 

In Cycadeze the vascular system is destitute of vessels, as in 
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Coniferz; their place being supplied by such woody tissue as 
has been already described at p. 19. But the zones of wood 
are separated by a layer of cellular substance resembling that 
of the pith, and often as thick as the zones themselves. This 
structure is represented by Adolphe Brongniart, in the 16th 
volume of the Annales des Sciences. 

My friend Mr. Griffith has beautifully illustrated the struc- 
ture of a plant called Phytocrene (fig. 34.),in Wallich’s Plante 
Asiaticee, vol. iii. t. 216. _In this curious production the wood 
consists of plates containing vessels and woody tissue, having 
no connection with each other, and separated at very consi- 
derable intervals by a large mass of prosenchymatous cellular 
tissue filled with vasiform tissue, and representing medullary 
rays.“ When the stem is dry, the woody plates separate from 
the other tissue, in which they finally lie loose. 


In Nepenthes distillatoria the pith contains a great quantity 
of spiral vessels; the place of the medullary sheath is occu- 
pied by a deep and dense layer of woody tissue, in which no 
vessels, or scarcely any, are discoverable; there are no me- 
dullary rays; the wood has no concentric zones ; between the 
bark and the wood is interposed a thick layer of cellular tissue, 
in which an immense quantity of very large spiral vessels js 
formed; on the outside of this layer is a thinner coating of 


* It will be seen that the view I now take of the analogies of the parts 
in the trunk of Phytocrene is very different from that in the first edition of 
this work. 
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woody tissue, containing some very minute spiral vessels ; and, 
finally, the whole is enclosed in a cellular integument, also con- 
taining spiral vessels of small size. In this singular plant the 
outer layers are, it is to be presumed, liber and epidermis; and 
the cellular deposit between the former and the wood is analogous 
to cambium in an organised state, belonging equally to the 
wood and the bark. What is so exceedingly remarkable is the 
complete intermixture of the vascular and cellular systems, 
so that limits no longer exist between the two. 

I have a specimen of the twisted compressed stem of a 
Bauhinia from Colombia (fig. 35.), in which there are no con- 
centric circles, properly so called; but in which there are cer- 
tain irregular flexuous zones, consisting of a layer of cellular 
tissue coated by a stratum of woody tissue, enclosing, at irregular 
distances from the centre, very unequal 
portions of the vascular system. ‘The 
pith is exceedingly excentrical ; and the 
medullary rays, which are imperfectly 
formed, do not all radiate from the pith, 
but on the thickest side form curves 
passing from one side of the stem to the 
other, their concavities turned towards 
the pith. 

In the stem of a Passion-flower in my 
possession from Colombia (jig. 36.), the 
vascular system is divided into four 
~ nearly equal parts, by four short 
thick plates radiating from the 
pith, and consisting of woody 
tissue, with a very few vessels. 
These plates are not more than 


one third the depth of the wood; 


= se “= so that between their back and 
e \\ -) the bark there is a considerable 
ef 4 fi vacancy, by which the four di- 
ea \ A4/ visions of the vascular system are 

a 4 LS separated. This vacancy is nearly 


filled with bark, which projects 
into the cavity. 
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In Stauntonia latifolia 
(fig. 87.), which has a 
twining stem, there are 
no concentric circles, and tag 
the medullary rays are hy LUG 


UY fy) a 
curved, part from right # iy L fy j A ag) 


to left, and part from left § cy, 
to right, diverging at one 
point and converging at 
another ; the bark is pier- 
ced with extensive longi- 
tudinal perforations. 

In Euonymus tingens (jig. 
38.) the vessels near the centre 
of the stem are arranged in con- 
centric interrupted circles, but 
Y towards the bark there is no 
trace of such circles; the sur- 
face of the stem is deeply cut 


RK Bry Higgs j . ry 
ey into lobes parallel with the 
\) at lig py 
s oo stem, and the vessels are all 


confounded in an uniform mass. 

Gaudichaud represents the stem of some Malpighiaceous 
plants to be in like manner divided into a number of regular 
lobes, which, however, actually reach the axis; and, in con- 
sequence of the twining habit of the stem, are twisted into the 
appearance of a cable externally. 

In Menispermum laurifolium (jig. 39 
839.) the concentric lines evidently _— at iE tien 
belong to the medullary system; they ae unin / 
are extremely interrupted and un- 


i HU HU Py mpl | 

aia yy | 
equal, often only half encircling the 
stem, or even less, and they anasto- 


Ni . : 
‘ian mt Wo 
mose in various ways; the medullary 


AN eM ND ily 
ve = 
rays are unusually large, and lie across ef amy 
the wood like parallel bars; and, 
finally, the plates of which the wood 
consists each contain but one vessel, 
which is situated at the external 
edge of the plate. 
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None of the anomalous forms of 
Exogenous stems are, however, so 

’ remarkable as an unknown Burmese 
= tree (fig.40.), foraspecimen of which I 
am indebted to my friend Dr. Wallich. 
In a section of this, the general ap- 
pearance is so much that of an Endo- 
genous stem, that without an attentive 
examination it might be actually mis- 
taken for one. ‘The diameter of this 
stem is two inches seven lines; it is nearly perfectly circular, 
and has a very thin but distinct bark, with a central pith 
surrounded by very compact woody tissue. There are neither 
zones nor medullary rays; but the vascular system consists of 
an uniform mass of vessels and woody tissue, disposed with 
great symmetry, and of the same degree of compactness at 
the circumference as in the centre. Amongst this wood are 
interspersed, at the distance of about half a line, with great 
regularity, passages containing loose cellular tissue. These 
passages are convex at the back and rather concave in front, 
run parallel with the vessels, and do not seem to have any 
kind of communication with each other. ‘They, no doubt, 
represent the medullary rays of the cellular system of this 
highly curious plant. It must be remarked, that the re- 
semblance borne by this stem to that of an Endogenous 
plant is more apparent than real; for whilst, in the latter, the 
vascular system is separated into bundles surrounded by the 
cellular system, in this, on the contrary, the cellular system 
consists of tubular passages, surrounded by masses of the 
vascular system. 

These examples of anomalous structure will show the stu- 
dent that it is neither medullary rays nor concentric zones in 
the wood that are the certain indications of Exogenous 
growth, both the one and the other being sometimes absent; 
but that the presence of a central pith, and a greater degree 
of hardness in the centre than in the circumference, are 
the signs from which alone any absolute evidence can be 
derived. 
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§ 2. Of the Endogenous Structure. 


Plants of an arborescent habit having this structure being 
almost exclusively extra-European, and most of them being 
natives only of the tropics, botanists have had fewer opppor- 
tunities of examining them, and, consequently, our knowledge 
concerning them is far more limited. It is, therefore, pro- 
bable that in this department of the subject there will be 
hereafter much to add and correct. 

In Endogenous plants the vascular 
and cellular systems are as distinct as 
in Exogenous, but they are differently 
arranged. The cellular system, instead 
of being distinguishable into pith, bark, 
and medullary rays, is a uniform mass, 
in which the vascular system lies im- 
bedded in the form of thick fibres, 
having no tendency to collect into zones or wedges resembling 
wood. The fibrous bundles consist of woody tissue, enclosing 
spiral or other vessels. 

The following is an explanation of the opinions generally 
entertained concerning the formation of an Endogenous stem. 
Its diameter is supposed to be increased by the constant addition 
of fibrous bundles to the centre, whence the name; those bundles 
displace such as are previously formed, pushing them out- 
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wards; so that the centre, being always most newly formed, 
is the softest; and the outside, being older, and being gra- 
dually rendered more and more compact by the pressure 
exercised upon the bundles lying next it by those forming in 
the centre, is the hardest. In Endogenous plants that attain 
a considerable age, such as many Palms, this operation goes 
on till the outside becomes sometimes hard enough to resist 
the blow of a hatchet. It does not, however, appear that 
each successive bundle of fibres passes exactly down the centre, 
or that there is even much regularity in the manner in which 
they are arranged in that part: it is only certain that it is 
about the centre that they descend, and that on the outside no 
new formation takes place. ‘This appears from the manner in 
which the bundles cross and interlace one another, as is shown 
in the figure of Pandanus odoratissimus given by De Candolle 
in his Organographie (tab. vi.), or still more clearly in the lax 
tissue of the inside of the stems of Draczena Draco. 

The investigations of Mohl appear, however, to show that 
this view of the structure of Endogens requires some modifi- 
cation. According to this observer, every one of the woody 
bundles of a Palm stem originates in the leaves, and is at first 
directed towards the centre; arrived there, it follows the course 
of the stem for some distance, and then turns outward again, 
finally losing itself in the cortical integument. In the course of 
their downward descent, the woody bundles gradually separate 
into threads, till at last the vascular system, which for a long 
time formed an essential part of each of them, disappears, and 
there is nothing left but woody tissue. In this view of the 
growth of Endogens, the trunk of such plants must consist of 
a series of arcs directed from above inwards, and then from 
within outwards ; and consequently the woody fibres of such 
plants, instead of being parallel with each other, must be inter- 
laced in infinite intermixture. There are, however, some 
difficulties in the way of this theory, which we do not find 
adverted to by itsauthor. If Mohl’s view of the structure of 
Endogens be correct, they must after a time lose the power of 
growing, in consequence of the whole of the lower part of their 
stems being choked up by the multitude of descending woody 
bundles. Is this the case ? The lower part of their bark, too, 
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must be much harder, that is, much more filled with woody 
bundles, than the upper. Is that the fact? ‘The hardness of 
the exterior of Palm stems cannot be owing to the pressure 
of new matter from within outwards, but to some cause 
analogous to the formation of heartwood in Exogens. Is there 
any proof that such a cause is in operation? I mention these 
things, not so much from distrust of Mohl’s views, as from a 
desire to see the difficulties which seem to lie in the way of 
an ingenious theory satisfactorily removed. 

The epidermis of an Endogenous stem seems capable 
of very little distension. In many plants of this kind the 
diameter of the stem is the same, or not very widely different, 
at the period when it is first formed, and when it has arrived 
at its greatest age: Palms are, in particular, an instance of this; 
whence the cylindrical form that is so common in them. That 
the increase in their diameter is really inconsiderable, is 
proved in a curious, and at the same time very conclusive, 
manner, by the circumstance of gigantic woody climbing 
plants sometimes coiling round such stems, and retaining 
them in their embrace for many years, without the stem thus 
tightly wound round indicating in the slightest manner, by 
swelling or otherwise, that such ligatures inconvenience it. 
A specimen, illustrative of this is preserved in the Museum 
of Natural History at Paris, and has been figured, both by 
Mirbel in his Elémens (tab. xix.), and De Candolle in his 
Organographie (tab. iv.) We know, from the effect of the 
common Bindweed upon the Exogens of our hedges, that the 
embrace of a twining plant is, in a single year, destructive of 
the life of every thing that increases in diameter ; or at least 
produces, above the strangled part, extensive swellings, that 
always end in death. 

It is, however, certain that other Endogens do increase 
extensively in diameter up to a certain point; but this is 
effected with great rapidity; and the horizontal growth once 
stopped appears never to be renewed: thus, in the Bamboo, 
stems are sometimes found as much as two feet in circum- 
ference, which were originally not more than half an inch in 
diameter. Others would seem to have an unlimited power of 
distension: in the Draczenas, called in French colonies in 
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Africa Bois-chandelles, the first shoot from the ground is a 
turio (sucker), an inch in diameter, and perhaps fifteen feet 
high ; but in time it distends so much that sometimes two 
men can scarcely embrace it in their extended arms. (Thou- 
ars, Essais, p. 3.) 

As Endogenous stems contain no concentric zones, there is 
nothing in their internal structure to indicate age; but, in the 
opinion of some botanists, there are sometimes external cha- 
racters that will afford sufficient evidence. It is said that the 
number of external rings that indicate the fall of leaves from 
the trunk of the Palm tribe coincides with the number of 
years that the individual has lived. There is, however, 
nothing like proof of this at present before the public; such 
statements must therefore be received with great caution. It 
may further be remarked, with reference to this subject, that 
in many Palms these rings disappear after a certain number 
of years. 

In arborescent Endogens it usually happens that only one 
terminal leaf-bud developes; and in such cases the stem is 
cylindrical, or very nearly so, as in Palms. If two terminal 
leaf-buds constantly develope, the stem becomes dichotomous, 
but the branches are all cylindrical, as in Pandanus and the 
Doom Palms of Egypt; but if axillary leaf-buds are regularly 
developed, as in the Asparagus, Draceena Draco, or in arbor- 
escent grasses, then the conical form that prevails in Exogens 
uniformly exists in Endogens also. 

Besides the difference now mentioned, there is one other 
form of the Endogenous stem that it is necessary to describe ; 
viz. that of Grasses. In those plants the stem is hollow ex- 
cept at the nodes, where transverse partitions intercept the 
cavity, dividing it into many cells. In the Bamboo these cells 
and partitions are so large that, as is well known, lengths of 
that plant are used as cases to contain papers. 

But if the gradual developement of a grass be attentively 
observed, it will be found that the stem is originally solid; 
that it becomes hollow in consequence of its increasing in 
diameter more rapidly than new tissue can be formed; and 
that, finally, in old arborescent stems, it again becomes solid 
by the constant addition of matter to its inside; so that 
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its deviation from the ordinary characters of Endogenous 
structure is much less considerable than it seems to be at first 
sight. 

According to Mohl, the structure of an Exogenous and an 
Endogenous stem, during the first year of their growth, is al- 
together the same; but in the second year the wood and the 
liber of the former separate, and new matter is then inter- 
posed; while, on the contrary, in Endogens no such separa- 
tion occurs, and consequently the newly-formed matter of the 
stem is forced towards the centre, through which it passes, 
with a constant tendency, however, to reach the outside. ‘This 
statement must, however, be received with distrust; because 
any one may satisfy himself that the new shoot of an Aspara- 
gus and of an Elder-bush are totally dissimilar. 


Sect. III. Of the Root, or descending Aris. 


Ar or about the same time that the ascending axis seeks 
the light and becomes a stem, does the opposite extremity of 
the seed or bud bury itself in the earth and become a root, 
with a tendency downwards so powerful, that no known force 
is sufficient to overcome it. Correctly speaking, nothing 
can be considered a root except what has such an origin; for 
those roots which are emitted by the stems of plants, are in 
reality the roots of the buds above them, as will be hereafter 
explained. Nevertheless, nothing is more common than even 
for botanists to confound subterranean stems or buds with 
roots, as has been already seen. (See Bulb, Tuber, Soboles, 
&e. &c.) 

Independently of its origin, the root is to be distinguished 
from the stem by many absolute characters. In the first 
place, its ramifications occur irregularly, and not with a sym- 
metrical arrangement: they do not, like branches, proceed 
from certain fixed points (buds), but are produced from all 
and any points of the root. Secondly, a root has no leaf-buds, 
unless indeed, as is sometimes the case, it has the power of 
forming adventitious ones; but, in such a case, the irregular 
manner in which they are produced is sufficient evidence of 
their nature. ‘Thirdly, roots have no scales, leaves, or other 
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appendages; neither do they ever indicate upon their surface, 
by means of scars, any trace of such: all underground bodies 
upon which scales have been found are stems, whatever they 
may have been called; the only appendages roots ever have 
are such things as the little hollow floating bladders found in 
Utricularia. A fourth distinction between roots and stems is, 
that the former have never any stomates upon their cuticle; 
and, finally, in Exogens the root has never any pith. It has 
been also said that roots are always colourless, while stems are 
always coloured; but aérial roots are often green, and all un- 
derground stems are colourless. 

The body of the root is sometimes called the caudex ; the 
minute subdivisions have been sometimes called radicules, —a 
term that should be confined to the root in the embryo; 
others name them jfibrils,—a term more generally adopted ; 
while the terms rhizina and rhizula have been given by Link 
to the young roots of mosses and lichens. 

A fibril is a little bundle of annular ducts, or sometimes of 
spiral vessels, encased in woody fibre, and covered by a lax 
cellular integument: it is in direct communication with the 
vascular system of the root, of which it is, in fact, only a sub- 
division ; and its apex consists of extremely lax cellular tissue 
and mucus. ‘This apex has the property of absorbing fluid 
with great rapidity, and has been called by De Candolle 
the Spongiole or Spongelet. It must not be considered a par- 
ticular organ; it is only the newly formed and forming tender 
tissue. In Pandanus the spongelets of the aérial roots consist’ 
of numerous very thin exfoliations of the epidermis, which 
form a sort of cup fit for holding water in. 

The proportion borne by the root to the branches is ex- 
tremely variable: in some plants it is nearly equal to them, 
in others, as in Lucerne, the roots are many times larger and 
longer than the stems; in all succulent plants and in Cucur- 
bitaceze they are much smaller. When the root is divided into 
a multitude of branches and fibres, it is called fibrous: if the 
fibres have occasionally dilatations at short intervals, they are 
called nodulose. When the main root perishes at the extremity, 
it receives the name of premorse, or bitten off: frequently it 
consists of one fleshy elongated centre tapering to the ex- 
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tremity, when it is termed fusiform (or tap-rooted by the Eng- 
lish, and pivotante by the French); or it dilates immediately 
below the surface of the earth into a globose form, when it is 
named turnip-shaped, as in the common turnip; if it is ter- 
minated by several distinct buds, as in some herbaceous plants, 
it is called many-headed (multiceps). 

The roots of many plants are often fleshy, and composed 
of lobes, which appear to serve as reservoirs of nutriment to 
the fibrils that accompany them; as in 
many terrestrial Orchideous plants, Dahlias, 
&ec. These must not be confounded either 
with tubers or bulbs, as they have been by 
some writers, but are rather to be con- 
sidered a special form of the root, to which / 
the name of Twbercules (fig. 43.) would not | 
be inapplicable. In Orchis the tubercules 
are often palmated or lobed; in the Dahlia, 
and many Asphodelez, they hang in clusters, or are fasci- 
culated. 

In internal structure the root differs little from the stem, 
except in being often extremely fleshy; its cellular system 
being subject to an unusually high degree of developement in 
a great many plants, as the Turnip, the Parsnep, and other 
edible roots. In Endogens, the mutual arrangement of the 
cellular and vascular systems of the root and stem is absolutely 
the same; but in Exogens, there is never any trace of pith in 
the root. 


Sect. IV. Of the Appendages of the Axis. 


From the outside of the stem, but connected immediately 
with its vascular system, arises a variety of thin flat expan- 
sions, arranged with great symmetry, and usually falling off 
after having existed for a few months. These are called, col- 
lectively, appendages of the axis; and, individually, scales, 
leaves, bracts, flowers, sexes, and fruit. They must not be 
confounded with mere expansions of the cuticle, such as ra- 
menta, already described (p. 49.), from which they are known 
by having a connection with the vascular system of the axis. 
Till lately, botanists were accustomed to consider all these as 
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essentially distinct organs; but, since the appearance of an 
admirable treatise by Goethe in 1790, On the Metamorphoses 
of Plants, proofs of their being merely modifications of one 
common type, the leaf, have been gradually discovered ; so that 
that which, forty years ago, was considered as the romance of 
a poet, is now universally acknowledged to be an indisputable 
truth. It may, however, be remarked, that when those who 
first seized upon the important but neglected facts out of 
which this theory has been constructed, asserted that all ap- 
pendages of the axis of a plant are metamorphosed leaves, 
more certainly was stated than the evidence would justify ; 
for we cannot say that an organ is a metamorphosed leaf, when, 
in point of fact, it has never been a leaf. What was meant, and 
that which is supported by the most conclusive evidence, is, 
that every appendage of the axis is originally constructed of the 
same elements, arranged upon a common plan, and varying in 
their manner of developement, not on account of any original 
difference in structure, but on account of especial, local, and 
predisposing causes: of this the leaf is taken as the type, 
because it is the organ which is most usually the result of the 
developement of those elements, —is that to which the other 
organs generally revert, when, from any accidental disturbing 
cause, they do not sustain the appearance to which they were 
originally predisposed, — and moreover, is that in which we 
have the most complete state of organization. 

It is not my intention to enter into much separate discussion 
of this doctrine; proof of it will be more conveniently ad- 
duced as the different modifications of the appendages of the 
axis come separately under consideration. ‘The leaf, as the 
first that is formed, the most perfect of them all, and that 
which is most constantly present, is properly considered the 
type from which all the others are deviations, and is that 
with the structure of which it is first necessary to become 
acquainted. 
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The leaf is an expansion of the bark at the base of a leaf- 
bud, prior to which it is developed. In most plants it con- 
sists of cellular tissue filling up the interstices of a net-work 
of fibres that proceed from the stem, and ultimately separating 
from the bark by an articulation ; in many Monocotyledonous 
plants, Ferns, and Mosses, no articulation exists, and the base 
of the leaf only separates from its parent stem by rotting 
away. 

This difference of organisation has given rise to a distinc- 
tion, on the part of Oken, between the articulated leaves of 
Dicotyledons and the inarticulated leaves of Monocotyledons 
and Acotyledons: the former he calls true leaves, and dis- 
tinguishes by the name of Laub; the latter he considers 
foliaceous dilatations of the stem, analogous to leaves, and 
calls Blatt. 

A leaf consists of two parts; namely, its stalk, which is 
called the stalk or petiole ( fig. 45. a), and its expanded surface, 
which is called the blade or lamina (fig. 45. c, b, d): in ordi- 
nary language the latter term is not employed, but in very 
precise descriptions it is indispensable. 

The point where the base of the upper side of a leaf joins 
the stem is called the azil ; any thing which arises out of that 
point is said to be azillary. If a branch or other process 
proceeds from above the axil, it is called supra-azillary ; if 
from below it, infra-azillary. 
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The scar formed by the separation of a leaf from its stem 
is called the cicatricule. The withered remains of leaves, 
which, not being articulated with the stem, cannot fall off, 
but decay upon it, are called reliquie or induvie (débris, Fr.), 
and the part so covered is said to be induviate. 

When leaves are placed in pairs on 
opposite sides of a stem (fig. 50.), and 
on the same plane, they are called op- 
posite: if more than two are opposite, 
they then form what is called a whorl, 
or verticillus : but if they arise at re- 
cular distances from each other round 
the stem, and not from the same plane, 
they are then called alternate. 

In plants having Exogenous stems, 
the first leaves, —namely, those which ¢ 
are present in the embryo itself (ate, —are uni- 
formly opposite ; but those subsequently developed are either 
opposite, verticillate, or alternate in different species: on the 
contrary, in Endogens, the embryo leaf is either solitary, or, 
if there are two, they are alternate; and those subsequently 
developed are usually alternate also, but few cases occurring 
in which they are opposite. 

Hence some have formed an opinion that the normal posi- 
tion of the leaves of Exogens is opposite, or verticillate ; and 
that when the leaves are alternate, this arises from the exten- 
sion of a node; while that of Endogens is alternate, the whorls 
being the result of the contraction of internodes. 

But it seems more probable that the normal position of 
all leaves is alternate, and their position upon the stem an 
elongated spiral, as is in many cases exceedingly apparent, 
as, for instance, in the genus Pinus, in Pandanus, which is 
actually named Screw-pine, in consequence of the resem- 
blance its shoots bear to a screw, and in the Pine apple; the 
Apple, the Pear, the Willow, the Oak, will also be found to 
indicate the same arrangement, which is only less apparent 
because of the distance between the leaves, and the irregu- 
larity of their direction. If, in the Apple tree, for instance, a 
line be drawn from the base of one leaf to the base of another, 
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and the leaves be then broken off, it will be found that a per- 
fectly spiral line will have been formed. Upon this supposition, 
opposite or whorled leaves are to be considered the result of 
a peculiar non-developement of internodes, and the consequent 
confluence of as many nodes as there may be leaves in the 
whorl. Rhododendron ponticum will furnish the student 
with an illustration of this: on many of its branches some 
of the leaves are alternate and others opposite; and several 
intermediate states between these two will be perceivable. 
In many plants, the leaves of which are usually alternate, 
there is a manifest tendency to the approximation of the nodes, 
and consequently to an opposite arrangement of the leaves, as 
in Solanum nigrum, and many other Solanez*; while, on the 
other hand, leaves that are usually opposite, separate their 
nodes and become alternate, as in Erica mediterranea: but this 
is more rare. 

The best argument in support of the hypothesis, that all 
whorls arise from the non-developement of internodes and con- 
fluence of nodes, is, however, to be derived from flowers, which 
are several series of whorls, as will be seen hereafter. In 
plants with alternate leaves, the flowers often change into 
young branches, and then the whorls of which they consist 
are broken, the nodes separate, and those parts that were 
before opposite become alternate ; and in monstrous Tulips, 
the whorls of which the flower consists are plainly seen to 
arise from the gradual approximation of leaves, which in their 
unchanged state are alternate. 

A most elaborate memoir has lately been produced by a 
young German named Braun, to prove, mathematically, not 
only that the spiral arrangement is that which is everywhere 
visible in the disposition of the appendages of the axis, but 
that each species is subject to certain fixed laws, under which 
the nature of the spires, and in many cases their number, 
are determined. ‘The original appeared in the Nova Acta of 
the Imperial Academy Nature Curiosorum ; and a very full 
abstract of it has been given by Martins, in the first volume 
of the Archives de Botanique, from which we borrow what 
follows: 


* Introduction to the Natural System of Botany, p. 231. 
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The scales of the fruit of Coniferous plants are nothing but 
pistillary leaves, which do not form, like the floral envelopes of 
other plants, a complete cavity surrounding the sexual organs 
on all sides, but which are slightly concave, and protect them 
on one side only. This point admitted, if we consider atten- 
tively the cone of a Pine, or of a Spruce Fir, we are at once 
led to inquire whether the scales are arranged in spires or in 
whorls. Breaking through its middle a cone of Pinus Picea 
(Silver Fir), we remark three scales, which at first sight ap- 
pear to be upon the same plane; but a more attentive examin- 
ation shows that they really originate at different heights, and, 
moreover, that they are not placed at equal distances from 
each other; so that we cannot consider them a whorl, but 
only a portion of a very close spiral. But, considering the 
external surface of the cone viewed as a whole, we find that 
the scales are disposed in oblique lines, which may be studied 
—1. Asto their composition, or the number of scales requisite 
to form one complete turn of the spire; 2d, As to their in- 
clination, or the angle, more or less open, which they form with 
their axis; 3d, As to their total number, and their arrange- 
ment round the common axis, which constitutes their co-ordi- 
nation. Finally, we may endeavour to ascertain whether the 
spires turn from right to left, or vice versd. 

He then proceeds to show, that the spiral arrangement is 
not only universal, but subject to laws of a very precise na- 
ture. ‘The evidence upon which this is founded is long and 
ingenious, but would be unintelligible without the plates 
which illustrate it. IJ must, therefore, content myself with 
mentioning the results. Setting out from the Pine cone above 
referred to, he found that several series of spires are dis- 
coverable in the arrangement of their scales, and that there 
invariably exists between these spires certain arithmetical 
relations, which are the expression of the various combina- 
tions of a certain number of elements, disposed in a regular 
manner. All the spires depend upon the position of a funda- 
mental series, from which the others are deviations. ‘The 
nature of the fundamental series is expressed by a fraction, of 
which the numerator indicates the whole number of turns 
required to complete one spire, and the denominator the 
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number of scales or parts that constitute it. Thus <8; indicates 
that eight turns are made round the axis before any scale or 
part is exactly vertical to that which was first formed, and the 
number of scales or parts that intervene before this coincidence 
takes place is 21. 

The following are some of the results thus obtained by 
Braun, in studying the composition of the spires of different 
plants :— 

+ in Asarum, Aristolochia, Lime tree, Vetch, Pea, the spikes 
of all grasses. 

3 1s rare in Diotyledons, and generally changes into more 
complicated spires. It exists in Cactus speciosus, and some 
others. 

3 is the most common of all, and represents the quincunx. 
Mezereum, Lapsana communis, Polemonium cceruleum, 
Potato, are examples. 

% is also common, as in the Bay-tree, the Holly, common 
Aconite, and the tuft of radical leaves of Plantago media. 

+5 exists where the leaves are numerous and their intervals 
small. Wormwood, common Arbutus, dwarf Convolvulus, and 
the tufts of leaves in London Pride and Dandelion, are in- 


stances. 
2; in Woad, Plantago lanceolata, the bracts of Digitalis 


lanata. 
$#in Sempervivum arboreum, the bracts of Plantago media, 


and of Protea argentea. 
21 was found on an old trunk of Zamia horrida, and ten 
species of Cactus (coronarius and difformis). 

It does not, however, appear that this inquiry has led to 
any thing beyond the establishment of the fact, that, beginning 
from the cotyledons, the whole of the appendages of the axis 
of plants—leaves, calyx, corolla, stamens, and carpels—form 
an uninterrupted spire, governed by laws which are nearly 
constant. No application of the doctrine appears practicable, 
except to assist in the distinction of species, for which it would 
be well adapted, if the determination of the series with the 
requisite precision were less difficult ; this is shown in the fol- 
lowing instances of differences in the fundamental spire in 


nearly allied species. 
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Pinus pinaster, $4—-sylvestris, }}—cembra, 4; —larix, 3; 
—microcarpa 3. 

Betula alba and pubescens, 3; and 33—fruticosa gene- 
rally, 25. 

Corylus avellana, 3°; —americana and tubulosa, $$ in their 
male catkins. 

The whole of this curious question has been greatly simpli- 
fied by Professor Henslow, in observations printed some 
months ago for private circulation; and we are happy to be 
able, by the permission of their liberal author, to lay them in 
this place before the public. 
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‘The scales on a cone of the Spruce Fir (Abies excelsa) are 
placed spirally round the axis, at equal intervals; and after 
eight coils of the spiral, the twenty-second scale ranges verti- 
cally over the first. If this arrangement be referred to a 
cylinder, and then projected on a plane cutting its axis at 
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right angles, the angular distance (Divergence) between two ~ 
contiguous scales, seen from the centre, is yy of the cireum- 
ference. Hence the divergence of the generating or primary 
spiral 3%. ‘The various peculiarities of the secondary spirals 
which result from the above arrangement, may be seen by 
inspecting fig. 51. 

A. If any figure in this circle represent the divergence of a 
spiral, the same will also represent the number of coils which 
that spiral must make before the twenty-second scale upon it 
comes vertically over the first. 

B. ‘The figures in this circle (corresponding to the several 
divergencies in A.) show the number of similar and parallel 
spirals which must be coiled round the cylinder, in order that 
every scale may range upon them. 

The same figures also indicate the height of each spiral— 
viz.: either the comparative lengths of the vertical lines be- 
tween scales 1. and 22. or the distance between two horizontal 
circles through scales 1. and 2.; and, lastly, 

These figures are the common differences in the different 
arithmetic series apparent on the consecutive scales of each 
spiral. 

C is the arrangement of the first twenty-one scales on the 
generating spiral. 

D shows the number on the scales which begin a second 
series of each kind of spiral, 7. e. the numbers on their twenty- 
second scales. 

N.B. The number on the scale which begins a fresh series 
of any spiral is found by the formula (a + 21 B) where (a) = 
the number on the scale beginning a former series of the 
spiral, and B the common difference of the numbers on two 
contiguous scales. 

Ex. Gr. Considering the spiral (fig. 52.) through the scales 
1.9. 17. &c., 153. 161. 169. &c. A. Ist, Its divergence (from 1 
to 9) is 100 —20, and, 2d, It must coil once towards the left, 
or twenty times towards the right (of a spectator at the axis) 
before it passes through the twenty-second scale upon it (viz. 
No. 169.), which ranges vertically over the first. B. 1st, There 
are seven other similar spirals parallel to it. 2d, Their height 
(as from 1 to 169) = eight times the height from 1 to 22; 
and, 3d, The common difference of the numbers of the scales 
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is also eight. The position of the several beginnings of the 8 
spirals (viz. on Nos. 1. to 8.) is shown in C; and in D we 
have the numbers (169. 106. 45. &c.) which respectively 
begin the second series of each spiral. 

To discover the primary spiral, we may fix on any scale 
as a point of departure (No. 1.), and then, by numbering the 
scales on two of the secondary spirals (as 1. 9. 17. &c. and 
1. 6. 11. &c.) which proceed in opposite directions, we may 
afterwards very readily place the numbers on all the scales. 
The easiest method of obtaining the common differences (viz. 
8 and 5), for the purpose of numbering the scales in the two 
cases selected, is to draw a circle round the cone, and count 
the number of each of the two kinds of spirals intersecting it 
(which will be 8 of the first and 5 of the second). When a 
secondary spiral perfects a complete coil (as 1. 9. &c. 161. 
169.), the number of the spirals of the same kind is readily 
seen; but the former mode for obtaining this number will 
apply equally well to cases where the cone is too short for the 
coils to be completed.” 

In their normal state leaves are obviously distinct, both from 
each other and from the stem. But, in some cases, adhesions 
of various kinds occur, and give them a new character. ‘Thus, 
in Cardui, and many other thistle-like plants, the elongated 
bases of the leaves adhere to the stem, and become what is 
called decurrent. In Bupleurum perfoliatum the lobes of the 
base of the leaf not only cohere with the stem, but, projecting 
beyond it, grow together, so as to resemble a leaf through 
which the stem has pierced: this is called being perfoliate. 
Frequently two opposite leaves grow together at the base, as 
in Caprifolium perfoliatum; to this modification the latter 
term is often also applied, but that of connate is what more 
properly belongs to it. 

The anatomical structure of the leaf is this :— From the 
medullary sheath diverges a bundle of woody tissue, accom- 
panied by spiral vessels: this passes through the bark, and 
proceeds, at an angle more or less acute, to a determinate 
distance from the stem, branching off at intervals, and, by 
numerous ramifications, forming a kind of network. At the 
point of the stem whence the bundle of fibro-vascular tissue 
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issues, the cellular tissue of the bark also diverges, accom- 
panying the fibro-vascular tissue, expanding with its ramifi- 
cations, and filling up their interstices. The tissue that 
proceeds from the medullary sheath, after having passed from 
the origin of the leaf to its extremity, doubles back upon 
itself, forming underneath the first a new layer of fibre, 
which, upon its return, converges just as the first layer 
diverged, at length combining into a single bundle, corre- 
sponding in bulk and position to that which first emerged, 
and finally discharging itself into the liber. If, therefore, a 
section of the leaf and stem be carefully made at a nodus, it 
will be found that the bundle of woody tissue which forms the 
frame-work of the leaf communicates above with the medullary 
sheath, and below with the liber. ‘This is easily seen in the 
spring, when the leaves are young; but is not so visible in 
the autumn, when their existence is drawing to a close. The 
double layer of fibrovascular tissue is also perceptible in a leaf 
which has laid during the winter in some damp ditch, where 
its cellular substance has decayed, so that the cohesion between 
the upper and lower layers is destroyed: they can then be 
easily separated. ‘The curious Indian leaves which have the 
property of opening, upon slight violence, like the leg of 
a silk stocking, so that the hand may be thrust between 
their upper and lower surfaces, derive that singular separa- 
bility from an imperfect union between the layer of excurrent 
and recurrent fibre. De Candolle remarks, that, when the 
fibres expand to form the limb of a leaf, they may (whether 
this phenomenon occurs at the extremity of a petiole, or at 
the point of separation from the stem) do so after two different 
systems: they may either constantly preserve the same plane, 
when common flat leaves are formed; or they may expand in 
any direction, when cylindrical or swollen or triangular leaves 
are the result. (Organogr. p. 270.) 

The cellular tissue of which the rest of the leaf is composed 
is parenchyma, which Link then calls diachyma, or that im- 
mediately beneath the two surfaces cortex, and the intermediate 
substance diploe. De Candolle calls these two, taken to- 
gether, the mesophyllum. The whole is protected, in leaves 
exposed to air, by a coating of cuticle, furnished with stoma- 
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tes; but in submersed leaves the parenchyma is naked, no 
cuticle overlaying it. 

The general nature of the parenchymatous part of leaves 
has been very well explained, both by Link and others, and 
figured by Mohl, firstly in 1828 (Uber die Poren des Pflanzen- 
zellgewebes, tab. i. fig. 4, &c.), and afterwards in his very ela- 
borate enquiry into the Anatomy of Palms. But the most 
complete account is that of Adolphe Brongniart, in 1830 | 
(Annales des Se., vol. xxi. p. 420.), of which the principal 
part of what follows is an abstract. 

The cuticle is a layer of bladders adhering firmly to each 
other, and sometimes but slightly to the subjacent tissue, from 
which they are entirely different in form and nature: in form, 
for the cellules are depressed, and, in consequence of the variety 
of outline that they present, form meshes either regular or 
irregular ; and in nature, because these bladders are perfectly 
transparent, colourless, and probably filled with air, — for the 
manner in which light passes through them proves that they 
do not contain dense fluid. They scarcely ever contain any 
organic particles, and are probably but little permeable either 
to fluids or gaseous matter; while, on the other hand, the 
bladders of the subjacent parenchyma are filled with the green 
substance that determines the colour of the leaf. The cuticle 
is not always formed of a single layer of bladders, but in some 
cases consists of two, or even three. No trace whatever is 
discoverable of vessels either terminating in or beneath the 
cuticle; Brongniart states this most explicitly, and my own 
observations are entirely in accordance with his: an opinion, 
therefore, which some botanists have entertained, that spiral 
vessels terminate in the stomates (D.C. Organogr. p. 272, 
&e.), must hereafter be abandoned. At the margin of a leaf 
the cuticle is generally harder than elsewhere, and sometimes 
becomes so indurated as to assume a flinty texture, as in the 
Aloe, and many other plants. 

Stomates (p. 39,) are found upon various parts of the cu- 
ticle: in some plants only on that of the under side of leaves, 
in others on the upper also; in floating leaves upon the latter 
only. When leaves are so turned that their margins are 
directed towards the earth and the heavens, the two faces are 
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then alike in appearance, and are both equally furnished with 
stomates. In succulent leaves they are said to be either alto- 
gether absent or very rare; but this is not exactly the fact. 
They are fewer and smaller, and perhaps gore imperfect, in 
succulent than in other parts, but by no means absent. Ac- 
cording to the observations of De Candolle (Organogr. p. 272.), 
they are, in the Orange and the Mesembryanthemum, as ten 
in the former to-one in the latter. 

{ have remarked (Bot. Reg. 1540.) the singular fact, that 
certain plants have the power of forming stomates on the 
upper surface of their leaves, if from any cause their leaves 
are inverted. ‘Thus the stomates are usually upon the under 
side of leaves, where also the veins are more prominent, and 
hairs appear exclusively, if hairs are found upon only one 
of the two surfaces. In Alstromeria that side of the leaves 
which is organically the undermost becomes, in consequence 
of a twist in the petiole, the uppermost, and that side which is. 
born uppermost is turned undermost; and then the organic 
underside, being turned uppermost, has no stomates; while 
the organic upper side, being turned downwards, although un- 
der other circumstances it would have neither stomates, hairs, 
nor elevated veins, acquires all those characters in consequence 
of its inversion. A very curious observation, in connection 
with this subject, has been made by Mirbel, in his memoir 
upon the structure of Marchantia polymorpha. 

The young bulbs by which this plant is multiplied are ori- 
ginally so homogeneous in structure, that there is no apparent 
character in their organisation to show which of their faces is 
destined to become the upper surface, and which the under. 
For the purpose of ascertaining whether there existed any 
natural but invisible predisposition in the two faces to undergo 
the changes which subsequently become so apparent, and by 
means of which their respective functions are performed, or 
whether the tendency is given by some cause posterior to their 
first creation, the following experiments were instituted : — 
Five bulbs were sown upon powdered sandstone, and it was 
found that the face which touched the sandstone produced 
roots, and the opposite face formed stomates. It was, how- 
ever, possible that the five bulbs might have all accidentally 
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fallen upon the face which was predisposed to emit roots; 
other experiments of the same kind were therefore tried, first 
with eighty, and afterwards with hundreds of little bulbs, — 
and the result was the same as with the five. This proved 
that either face was originally adapted for producing either 
roots or stomates, and that the tendency was determined 
merely by the position in which the surfaces were placed. 
The next point to- ascertain was, whether the tendency once 
given could be afterwards altered. Some little bulbs, that had 
been growing for twenty-four hours only, had emitted roots ; 
they were turned, so that the upper surface touched the soil, 
and the under was exposed to light, In twenty-four hours 
more the two faces had both produced roots: that which had 
originally been the under surface went on pushing out new 
roots; that which had originally been the upper surface had 
also produced roots: but in a few days the sides of the young 
plants began to rise from the soil, became erect, turned over, 
and finally recovered in this way their original position, and 
the face which had originally been the uppermost immediately 
became covered with stomates. It, therefore, appears that, 
the impulse once given, the predisposition to assume particular 
appearances or functions is absolutely fixed, and will not 
change in the ordinary course of nature. This is a fact of 
very high interest for those who are occupied with researches 
into the causes of what is called vegetable metamorphosis. 
The parenchyma is, if casually examined, or even if viewed 
in slices of too great thickness, apparently composed of heaps 
of small green bladders, arranged with little order or regu- 
larity; but, if very thin slices are taken and viewed with a 
high magnifying power, it will be seen that nothing can be 
more perfect than the plan upon which the whole structure is 
contrived, and that, instead of disorder, the most wise order 
pervades the whole. Upon this subject I extract the words 
of Adolphe Brongniart : — “ There exists beneath the upper 
cuticle two or three layers of oblong blunt vesicles, placed per- 
pendicular to the surface of the leaf, and generally much less 
in diameter than the bladders of the cuticle; so that they are 
easily seen through it. ‘These vesicles, which appear specially 
destined to give solidity to the parenchyma of the leaf, have 
H 3} 


102 ORGANOGRAPHY. BOOK 1. 


no other intervals than the little spaces that result from the 
contact of this sort of cylinder: nevertheless, in plants that 
have stomates on the upper surface of their leaves, as is the 
case in most herbaceous plants, and in such as float on the 
surface of water, there exists here and there among the vesicles 
some large spaces, through which the stomates communicate 
with the interior of the leaf. 

This parenchyma is entirely different from what is found 
beneath the cuticle of the lower side. ‘There, instead of con- 
sisting of regular cylindrical vesicles, it is composed of irre- 
gular ones, often having two or three branches, which unite 
with the limbs of the vesicles next them, and so form a reticu- 
lated parenchyma; the spaces between whose vesicles are 
much larger than the vesicles themselves. 

It is this reticulated tissue, with large spaces in it (to which 
the name of cavernous or spongy parenchyma might not im- 
properly be applied), that, in most cases, occupies at least 
half the thickness of the leaves between the veins. The 
arrangement of the vesicles is very obvious if the lower cuticle 
of certain leaves be lifted up with the layer of parenchyma 
that is applied against it; it may then be seen that these 
anastomosing vesicles form a net with large meshes— a sort of 
erating —inside the cuticle. It must not, however, be supposed 
that this structure, which I have remarked in several ferns, 
and in a great many dicotyledonous plants, is without excep- 
tion. In many monocotyledonous and succulent plants we 
have some remarkable modifications of this structure. Thus, 
in the Lily, and several plants of the same family, the vesicles 
of parenchyma that are in contact with the lower cuticle are 
lengthened out, sinuous, and toothed, as it were, at the sides : 
these projections join those of the contiguous vesicle; and a 
number of cavities is the consequence, which render this sort 
of parenchyma permeable to air. An analogous arrangement 
exists in the lower parenchyma of Galega. In the Iris, there 
is scarcely any space between the oblong and polyedral vesi- 
cles which form the parenchyma; but it is remarked, that the 
subjacent parenchyma is wanting at every point where the 
cuticle is pierced by a stomate. In such succulent plants as I 
have examined, the spaces between the cellules of parenchyma 
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are very small; but, nevertheless, here and there, there are 
often larger cavities, which either correspond directly with 
the stomates, or are in communication with them. ‘The same 
thing happens in plants with floating leaves, where the stomates 
placed. on the upper surface correspond with the layer of the 
cylindrical and parallel vesicles ; in such case there are, here 
and there, between these vesicles, empty spaces which almost 
always correspond to the points where the stomates exist, and 
which permit the air to penetrate between the vesicles as far 
as the middle of the parenchyma of the leaf.” 

Thus much Adolphe Brongniart; who adds, that in sub- 
mersed leaves there is no cuticle, but the whole consists of 
solid parenchyma alone, in which there are no other cavities 
than such as are necessary to float the leaves. ‘The obser- 
vations of Mohl and Meyen generally confirm this; but, at 
the same time, the latter mentions several cases in which the 
texture of the leaf has been found to be nearly the same 
throughout. 

Dutrochet states in addition (Ann. des Sc., xxv. 245.) that 
the interior of a leaf is divided completely by a number of par- 
titions, covered by the ribs and principal veins, so that the air 
cavities have not actually a free communication in every 
direction through the parenchyma; but are, to a certain 
extent, cut off from each other. This is conformable to what 
Mirbel has described in Marchantia,where the leafy expansions 
are separated by partitions into chambers, between which, he 
is of opinion, there is no other communication than what 
results from the permeability of the tissue. 

The veins, being elongations of the medullary sheath, neces- 
sarily consist of woody tissue and spiral vessels, to which are 
sometimes added annular ducts. In submersed leaves spiral 
vessels are often wanting, the veins consisting of nothing but 
woody tissue. In these veins Schultz finds what he calls 
vessels of the latex, or of the nutritive fluid; concerning the 
probable nature of which see p. 31. 

Such are the general anatomical characters of leaves; but 
it must be borne in mind, that, in different species, they 
undergo a variety of remarkable modifications. These arise 
either from the addition of parenchyma when leaves become 

H 4 


104 ORGANOGRAPHY. BOOK I. 


succulent, or from the non-developement of it when they 
become membranous, or from the total suppression of it, and 
even of the veins also in great part, as in those which are 
called ramentaceous, such as the primordial leaves of the 
genus Pinus. 

I have dwelt thus much at length upon the structure of the 
leaf, because it is by far the most important part of a plant, 
and that of which the functions are the best ascertained. Let 
us next turn our attention to the modifications of the leaf. 

It has already been seen that a leaf may consist of two 
distinct parts ; the petiole, or stalk, and the lamina, or blade: 
both of these demand separate consideration. 

The BLADE, lamina, or limbus, as it is called by some, is 
subject to many diversities of figure and division; most com- 
monly it forms an approach to oval, being longer than broad. 

That extremity of the blade which is next the stem is 
called its base ; the opposite extremity, its apex ; and the line 
representing its two edges, the margin or circumscription. 

If the blade consists of one piece only, the leaf is said to 
be simple, whatever may be the depth of its divisions: thus, 
the entire blade of Box, the serrated blade of the Apple, the 
toothed blade of Coltsfoot, the runcinate blade of Taraxacum, 
the pinnatifid blade of Hawthorn (which is often divided 
almost to its very midrib), are all considered to belong 
to the class of simple leaves. But if the petiole branches 
out, separating the cellular tissue into more than one distinct 
portion, each forming a perfect blade by itself, such a leaf is’ 
often said to be compound, whether the divisions be two, as in 
the conjugate leaf of Zygophyllum, or indefinite in number, 
as in the many varieties of pinnated leaves. Nevertheless, a 
more accurate notion of a compound leaf is found to consist 
in its divisions being articulated with the petiole, by which it 
-s much better distinguished from the simple leaf than by the 
number of its divisions. ‘Thus, the pinnated leaf of a Zamia, 
and the pedate leaf of an Arum, both in this sense belong to 
the class of simple leaves; while the solitary blade of the 
Orange, the common Barberry, Xc. are referable to the class 
of compound leaves. ‘This distinction is of some importance 
to the student of natural affinities ; for, while division, of 
whatever degree it may be, may be expected to occur in 
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different species of the same genus or order (provided there 
is no articulation), it rarely happens that truly compound 
leaves — that is to say, such as are articulated with their 
petiole— are found in the same natural assemblage with 
those in which no articulation exists. Alphonse De Candolle 
remarks, indeed, and with perfect justice, that in Gleditschia, 
whose leaves are mostly compound, we find some leaves with 
their leaflets united, and therefore not articulated with their 
midrib; but this is a special case, and can hardly be con- 
sidered to invalidate a general law. 

In speaking of the surface of a leaf it is customary to make use 
of the word pagina. ‘Thus, the upper surface is called pagina 
superior ; the lower surface, pagina inferior. ‘The upper surface 
is more shining and compact than the under, and less generally 
clothed with hairs; its veins are sunken; while those of the 
lower surface are usually prominent. ‘The cuticle readily 
separates from the lower surface, but with difficulty from the 
upper. ‘There are frequently hairs upon the under surface 
while the upper is perfectly smooth ; but there is scarcely any 
instance of the upper surface bemg hairy while the lower is 
smooth. 

The ramifications of the petiole among the cellular tissue of 

the leaf are called veins, and the manner of their distribution 
is termed venation. ‘This influences in a great degree the 
figure and general appearance of the foliage, and requires a 
more careful consideration than it generally receives in ele- 
mentary works. 
_ The vein which forms a continuation of the petiole and the 
axis of the leaf is called the midrib or costa: from this all the 
rest diverge, either from its sides or base. If other veins 
similar to the midrib pass from the base to the apex of a leaf, 
such veins have been named nerves ; and a leaf with such an 
arrangement of its veins has been called a nerved leaf. If the 
veins diverge from the midrib towards the margin, ramifying 
as they proceed, such a leaf has been called a venous or reticu- 
lated leaf. This is the sense in which these terms were used 
by Linnzeus; but Link and some others depart from so strict 
an application of them, calling all the veins of a plant nerves, 
whatever may be their origin or direction. 

Till within a few years the distribution of veins in the leaf 
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had not received much attention; the terms just mentioned 
had been contrived to express certain of the most striking 
forms of venation; but the application of these was far from 
being sufficiently precise. Many improvements have been pro- 
posed by modern botanists ; it however appears to me that the 
whole nomenclature of venation is essentially defective, and 
requires complete revision. My ideas upon this subject have 
been already laid before the public in the Botanical Register 
for Sept. 1826, page 1004.; and, as I am not aware that any 
objection to them has yet been taken, I shall repeat them here, 
in a form better adapted to an elementary work than that 
under which they first appeared. 

‘The objections that I take to the present modes of distin- 
guishing veins are these: — Ist, That the veins are very im- 
properly, as I think, called nerves, either in all cases, as by 
Link, which is bad, or in certain cases only, when they have 
a particular size or direction, as by Linnzeus and his followers, 
which is worse. Nothing is more destructive of accurate 
ideas in natural history than giving names well understood in 
one kingdom of nature to organs in another kingdom of an 
entirely different kind, unless it is the, perhaps, more repre- 
hensible practice of giving two names conveying totally differ- 
ent ideas to the same organ in the same kingdom of nature. 
Thus, when the veins of a plant are termed nerves, it is neces- 
sarily understood that they exercise functions of a similar 
nature to those of the nerves of animals: if otherwise, why are 
they so called? But they exercise no such functions, being, 
beyond all doubt, mere channels for the transmission of fluid. 
Again, if one portion of the skeleton of a leaf is called a vein, 
and another portion a nerve, this apparently precise mode of 
speaking leads yet more strongly to the belief, that the struc- 
ture and function of those two parts are as widely different as 
the structure and function of a vein and a nerve in the animal 
economy; else why should such nice caution be taken to dis- 
tinguish them? But it must be confessed that there is no 
difference whatever, except in size, between the veins and 
nerves of a leaf. Let us, then, abandon a term which is one of 
those relics of a barbarous age which it is the duty of modern 
science to expel. 

My second objection applies to the vague manner in which 
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the veins of leaves are at present described; whence it hap- 
pens that no precise idea can be attached to the different terms 
that have been contrived to designate particular forms of 
venation. 

A third objection is this, —that, while slight modifications 
in the arrangement of the veins have received distinctive 
names, others of much greater importance, and of a more de- 
cided character, have received no distinctive appellation what- 
ever. For these reasons, the practical weight of which I have 
long experienced, it has occurred to me that the following 
changes in the language used in speaking of venation will be 
found better, at least, than that for which they are substituted, 
if they are not entirely what could be desired. 

It has been usual to call that bundle of vessels only which 
passes directly from the base to the apex of a leaf the 7b or costa, 
or midrib. This term I would extend to all main veins which 
proceed directly from the base to the apex, or to the points of 
the lobes. _There is no difference in size in these ribs; and 
in lobed leaves, which may be understood as simple leaves, 
approaching composition, each rib has its own particular set 
of veins. 


The midrib (fig. 53.7) sends forth, alternately right and left 
along its whole length, ramifications of less dimensions than 
itself, but more nearly approaching it than any other veins : 
these I would call primary veins (fig. 53. 3). They diverge 
from the midrib at various angles, and pass to the margin of 
the leaf, curving towards the apex in their course, and finally, 
at some distance within the margin, forming what is called an 
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anastomosis, or junction, with the back of the primary vein, 
which lies next them. That part of the primary vein which 
is between the junctions thus described, having a curved di- 
rection, may be called the curved vein. Between this latter 
and the margin, other veins, proceeding from the curved veins, 
with the same curved direction, and of the same magnitude, 
occasionally intervene: they may be distinguished by the name 
of external veins (fig. 53.1). The margin itself and these — 
last are connected by a fine net-work of minute veins, which 
I would distinguish by the name of marginal veinlets. From 
the midrib are generally produced, at right angles with it, and 
alternate with the primary veins, smaller veins; which may 
not improperly be named costal veins (fig. 53.5). ‘The pri- 
mary veins are themselves connected by fine veins, which 
anastomose in the area between them. These veins, when they 
immediately leave the primary veins, I call proper veinlets. 
(fig. 53. 4); and where they anastomose, common veinlets. 
The area of parenchyma, lying between two or more veins or 
veinlets, I name with the old botanists intervenium. 

These distinctions may to some appear over-refined; but I 
am convinced that no one can very precisely describe a leaf 
without the use either of them, or of equivalent terms yet to 
be invented. Upon these principles leaves may be con- 
veniently divided into the following kinds:— 

1. Veinless (avenium), when no veins at all are formed, 
except a slight approach to a midrib, as in Mosses, Fuci, Xe. 
Leaves of this description exist only in the lowest tribes of 
foliaceous plants, and must not be confounded with the fleshy 
or thickened leaves common among the higher orders of 
vegetation, in which the veins are by no means absent, but 
only concealed within the substance of the parenchyma. (See 
No. 10.) Of this De Candolle has two forms, — first, his 
folia nullinervia, in which there is not even a trace of a 
midrib, as in Ulva; and second, his folia falsinervia, in which 
a trace of a midrib is perceptible. These terms appear to me 
unnecessary; but, if they be employed, the termination nervia 
must be changed to venia. 

2. Equal-veined (equalivenium), when the midrib is per- 
fectly formed, and the veins are all of equal size, as in Ferns. 


This kind of leaf has not been before distinguished: it may 
be considered intermediate between those without veins and 
those in which primary veins are first apparent. The veins 
are equal in power to the proper veinlets of leaves of a higher 
class. 

3. Straight-veined (rectivenitum). In this the veins are en- 
tirely primary, generally very much attenuated, and arising 
from towards the base of the midrib, with which they lie 
nearly parallel: they are connected by proper veinlets; but 
there are no common veinlets. ‘The leaves of Grasses and of 
Palms and Orchideous plants are of this nature. This form 
has been called by Link paralleli and convergenti-nervosum, 
according to the degree of parallelism of the primary veins; 
and to these two he has added what he calls venuloso-nervosum, 
when the primary veins are connected by proper veinlets: 
but as this is always so, although it is not in all cases equally 
apparent, the term is superfluous. Ach. Richard calls this 
form laterinervium, and De Candolle rectinervium; from which 
I do not find it advisable to distinguish his ruptinervium, 
which indicates the straight-veined leaf, when the veins are 
thickened and indurated, as in the Palm tribe. 

4. Curve-veined (curvivenium). ‘This is a particular modifi- 
eation of the last form, in which the primary veins are also 
parallel, simple, and connected by unbranched proper vein- 
lets; do not pass from near the base to the apex of the leaf, 
but diverge from the midrib along its whole length, and lose 
themselves in the margin. This is the folium hinoideum 
and venuloso-hinoideum of Link, the f penninervium of A. 
Richard, and the ff curvinernium of De Candolle. It is com- 
mon in Scitamineze. It is not improbable that both this and 
the last ought to be regarded as peculiar modifications of 
petiole (a kind of phyllodia), rather than as true leaves analo- 
gous to those next to be described. 

5. Netted (reticulatum). Here the whole of the veins that 
constitute a completely developed leaf are present, arranged 
as I have above described them, there being no peculiar com- 
bination of any class of veins. ‘This is the common form of 
the leaves of Dicotyledons, as of the Lilac, the Rose, &c. It 
is the folium venosum of Linneeus, the fC indirecté venosum 
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of Link, the ff mixtinervium of A. Richard, and the f. retiner- 
vium of De Candolle. If the external veins and marginal 
veinlets are conspicuous, Link calls this form combinaté veno- 
sum; but if they are indistinct, he calls it evanescenté venosum. 

6. Ribbed (costatum). In this three or more midribs proceed 
from the base to the apex of the leaf, and are connected by 
branching primary veins of the form and magnitude of proper 
veinlets, as in Melastoma. This must not be confounded 
with the straight-veined leaf, from which it may in all cases 
of doubt be distinguished by the ramified veins that connect 
the ribs. This is a very material difference, which has never 
been properly explained. Linnzeus and his followers con- 
found the two forms; but modern writers separate them: 
although it must be confessed that it is difficult to discover 
their distinctions from the characters hitherto assigned to 
them. Link calls these leaves ff nervata, A. Richard f. ba- 
sinervia, and De Candolle f. triplinervia and f. quintuplinervia. 
If a ribbed leaf has three ribs springing from the base, it is 
said to be three-ribbed (tri-costatum, trinerve of authors) ; if 
five, five-ribbed, and so on. But if the ribs do not proceed 
exactly from the base, but from a little above it, the leaf is 
then said to be triply-ribbed (triplicostatum), as in the He- 
lianthus. 

7. Ealsely ribbed ( pseudocostatum), is when the curved and 
external veins, both or either, in a reticulated leaf, become 
confluent into a line parallel with the margin, as in all Myr- 
taceee. ‘This has not been before distinguished. 

8. Ladiating (radiatum), when several ribs radiate from 
the base of a reticulated leaf to its cireumference, as in lobed 
leaves. This and the following form the fi directé venosum 
of Link: it is the ff digitinervium of A. Richard. Hither I 
refer, without distinguishing them, the f. pedalinervia, palmi- 
nervia, and peltinervia of De Candolle ; the differences of which 
do not arise out of any peculiarity in the venation, but from 
the particular form of the leaves themselves. 

9. Heather-veined ( pennivenium), when the venz primariz 
of a reticulated leaf pass in a right line from the midrib to the 
margin, as in Castanea. This has the same relation to the 
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radiating leaf that the curve-veined bears to the straight- 
veined ; it is the folium penninervium of De Candolle. 

10. Hidden-veined (introvenium). 'To this I refer all leaves 
the veins of which are hidden from view by the parenchyma 
being in excess, as in Hoya, and many other plants. Such a 
leaf is often inaccurately called veinless. De Candolle calls 
a leaf of this nature, in which the veins are dispersed through 
a large mass of parenchyma, as in Mesembryanthemum, 
vaginervium. 

It may be necessary to explain the direction that the 
primary veins take when they diverge from the midrib: this 
can be denoted by measuring the angle which is formed by the 
midrib and the diverging vein, and can either be stated in 
distinct words, or by applying the following terms thus: — if 
the angle formed by the divergence is between 10° and 20 , 
the vein may be said to be nearly parallel (subparallela) ; if 
between 20° and 40°, diverging ; between 40° and 60°, spread- 
ing ; between 60° and 80°, divaricating ; between 80° and 90°, 
right-angled ; between 90° and 120°, oblique ; beyond 120°, 
reflexed (retroflexa). 

With regard to the forms of leaves, this subject properly 
enters into Glossology ; because the terms applied by Botanists 
to differences in the outline of those organs are, in fact, ap- 
plicable to any varieties in the figure of any other flat body. 
Nevertheless, as it may be a matter of convenience to the 
student to know upon what principles the most remarkable 
forms of leaves, or of other divided parts, are thought to be 
connected with each other, I here translate the observations 
upon the subject made by Alphonse de Candolle, whose recent 
Introduction to Botany may be supposed to embody the latest 
opinions of his father. 

“‘ Leaves put on a multitude of forms, depending upon the 
manner in which they are severally organized, especially with 
regard, to their division and the direction of their veins. 
These veins being in general symmetrical on the two sides of 
the midrib, leaves themselves are almost always of some 
regular figure, as, for instance, oval, rounded, elliptical, &c. 
Their regularity, however, is never mathematical; and there 
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are certain leaves, like those of the Begonia, the two sides of 
which are most remarkably unequal. 

*“‘ Leaves are either entire, that is, without toothings of any 
kind; or foothed in various ways upon their edges; or divided 
more or less deeply into lobes, which leave void spaces between 
them, which we call recesses (sinus). 

“‘ Differences of this kind only become intelligible when one 
starts from the idea that a leaf is a mere expansion of tissue, 
in which the parenchyma is more or less extended according 
to the divergence of the vessels that compose the veins, and the 
degree of vegetating vigour of every species upon all points of 
its surface. In this expansion, which constitutes vegetation, 
it may be understood that a cellular tissue, mingled with firm 
parts like veins, ought to assume, especially at the edges, very 
different appearances. Each vein is to be considered as sur- 
‘rounded with parenchyma as well as the ligneous fibres of 
the stem. When this parenchyma stretches a great deal be- 
tween the principal veins, and unites them completely up to 
their extremities, the leaf is entire ; but when the separation 
of the prinipal veins is greater, and the cellular tissue is com- 
paratively less extended, the union of parenchyma takes place 
in only an imperfect manner, and thus lobes and openings are 
produced in the middle of the leaf, or various kinds of 
toothings in its circumference. 

‘‘In support of this theory, which has originated with M. 
De Candolle, it must be remarked that the bladders of cel- 
lular tissue have a great tendency to grow together when they 
come in contact in a young state. ‘The fluids which tissue 
secretes are more or less viscid; the growth of the bladders in 
diameter causes them to press against each other; they are 
extremely homogeneous in different parts of the same organ ; 
all these may be supposed to concur in producing the pheno- 
menon of which the grafting of one plant upon another is the 
most striking example. The structure of flowers depends 
upon the existence of this tendency, as will be shewn hereafter. 
With regard to leaves, Dracontium pertusum affords a verifi- 
cation of this theory in the irregular holes pierced through 
the middle of its blade between the veins. The more weak 
the developement of this leaf has been, the larger are the 
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holes, which, in some instances, even extend to the margin, 
when the leaf becomes lobed. In this case it is difficult to 
deny that the parenchyma developes and combines more to- 
wards the edge of the leaf than in the centre; while, on the 
other hand, by a different direction and another mode of de- 
velopement of the parenchyma, the contrary takes place in 
the greater part of leaves. The fact, that divisions are the 
deepest in those individuals of the same species whose vegeta- 
tion has been least favoured by humidity and the nature of the 
soil, is a confirmation of this theory. 

‘¢ Palm trees seemed to offer an exception to this mode of 
accounting for the formation of lobes; but the recent ob- 
servations of Mohl have demonstrated that those plants also 
are conformable to the theory. ‘The leaves of Palm trees 
begin by being apparently simple, they then gradually divide 
from the extremity to the base of the blade, and there are on 
the edges of the divisions some ragged remnants which look as if 
they indicated an actual rending asunder. But Mohl, by 
observing these leaves microscopically, when first developing, 
ascertained that these divisions never are intimately united 
at their edges, and that they are merely held together by a 
net of down. This may possibly depend upon the dry and 
leathery texture of their leaves, which causes the bladders to 
be converted into hairs instead of uniting in consequence of 
their great approximation. If the adhesion is incomplete, it 
is no wonder that the leaves should separate in proportion as 
the veins diverge by the enlargement of the leaf. Palm 
leaves, then, are not, as has been supposed, simple leaves which 
divide into lobes contrary to what happens in other plants ; 
they are divisions bordered by a parenchyma which has never 
been united to that of the division next it, and which, in 
consequence, does not tear, but only separates. 

“The unequal degrees of union of the parenchyma that sur- 
rounds the veins, combined with the arrangement of the latter, 
form the principles on which the nomenclature of divided 
leaves has been contrived. . 

*¢ When the parenchyma between the primary veins is not 
united, so that the blade is composed of several distinct parts 
combined by the midrib only, the distinct portions or lobes 
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are called segments. They differ from the leaflets of more 
compound leaves merely by the circumstance of not being 
jointed with their support and deciduous. <A leaf having 
such segments is called dissected. 

*“‘ If the lobes are united near the base around the origin of 
these veins, we name them partitions, and the leaf is said to 
be parted. 

*‘ Supposing the lobes to be united as far as the middle, 
they become divisions, their recesses are fissures, and the ad- 
jectives formed from these are made to end in /fid, as multifid, 
quinquefid, &c.; this should not be applied to any cases in which 
the divisions extend below the middle of the veins; it is, 
however, frequently applied to cases of a division as deep as 
the midrib. 

‘“‘ Finally, if the adhesion of the lobes is complete, and if 
the parenchyma which separates the extremity only of the 
veins is not extended to the extremity of the principal veins, 
or beyond them; the leaf is merely toothed (dentate); the 
salient parts are toothings. When the toothings, or teeth, are 
rounded, they become crenels, and the leaf is crenelled (or 
crenate). This form of leaf is not very important, because it 
is not connected with the arrangement of the primary veins, 
while that of the lobes, already mentioned, always is. 

*“‘'The terms that express precisely the important subdivi- 
sions of the leaf are combined with those which indicate 
venation. Thus a feather-veined leaf ( penniventum) may be 
either pennatisected, or pennatiparted, or pennatifid, according 
as it has segments, partitions, or fissures. In like manner a 
palm-veined leaf (this is what I call radiating, p.110.) may be 
palmatisected, palmatiparted, or palmatifid ; and so on. 

“In like manner we say that a leaf is trisected, trifid, or 
triparted, when we would draw attention to the number and 
depth of the lobes of a leaf, rather than to the relation they 
bear to the veins. And, on the other hand, we may, by neg- 
lecting the number of the lobes, simply indicate their presence 
by saying that a leaf is pennatilobed, palmatilobed, and so on. 

‘The lobes themselves are sometimes subdivided upon the 
same principle as the leaf itself. We then say that a leaf is 
bipennatisected, bipennatiparted, &c.; if the subdivisions of the 
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lobes are themselves lobed, we may say tripennatisected, tri- 
pennatiparted, &c. Finally, in cases where leaves are extremely 
divided, and the parenchyma of the ultimate ramifications of 
the veins does not unite and form lobes, we say, in general 
terms, that the leaf is multifid, laciniated, decomposed, or slashed ; 
terms which express the appearance of a leaf, without any 
very precise signification.” 

With regard to compound leaves, their leaflets always 
have the primary veins running at an angle more or less 
acute towards the margin. “This is perfectly intelligible if 
we reflect that their lateral veins represent not the primary, 
but the secondary and tertiary veins of simple leaves, which 
latter are always pennated. 

* The leaflets of pennated leaves are usually placed opposite 
each other in pairs along a common petiole. These pairs of 
leaves are called in Latin juga: thus a leaf with one pair is 
unijugum ; with two pairs, bijugum, &c. 

** Usually one of the leaflets terminates the petiole; the 
leaf is then unequally pinnated (imparipinnatum) ; but sometimes 
there is no odd leaflet, and the petiole ends abruptly, or in a 
point or tendril; (this is equally pinnated, pari-pinnatum). 

*‘ Sometimes the leaflets themselves are subdivided into 
other leaflets (folium bipinnatum, tripinnatum). In this case, 
the lateral petioles which bear the leaflets are called partial ; 
and the small supports of the leaflets themselves, stalklets 
( petiolules).” 

Such are De Candolle’s ideas of the typical formation of 
leaves. ‘They offer a convenient mode of studying the modi- 
fications in structure of these organs, and are, to all ap- 
pearance, founded upon a 
correct idea of the subject. 

The rPerrioue, or leafstalk 
(jig. 56. a—b), is the part 
which connects the blade 
with the stem, of which it 
was considered by Linnzeus 
asapart. It consists of one 
or more bundles of fibro- 
vascular tissue surrounded 
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by cellular substance. Its figure is generally half cylindrical, 
frequently channelled on the surface presented to the hea- 
vens; but in some monocotyledonous plants it is perfectly 
cylindrical, and in others it is a thin leafy expansion, sur- 
rounding the stem (fig. 55. a). If the petiole is entirely 
absent, which is often the case, the leaf is then said to be 
sessile. Generally the petiole is simple, and continuous with 
the axis of the leaf; sometimes it is divided into several parts, 
each bearing a separate leaf or leaflet ( foliolum) : in such cases 
it is by some said to be compound; each of the stalks of the 
leaflets being called petiolules or stalklets (ramastra, Jungius). 
In all simple leaves the petiole is continuous with the axis of the 
lamina, from which it never separates; in all truly compound 
leaves the petiole is articulated with each stalklet; so that, when 
the leaf perishes, it separates into as many portions as there 
are leaflets, as in the Sensitive Plant: hence, whenever an 
apparently simple leaf is found to be articulated with its 
petiole, as in the Orange, such a leaf is not to be considered a 
simple ljeaf, but the terminal leaflet of a pinnated leaf, of 
which the lateral leaflets are not developed. This is a most 
important difference, and must be borne constantly in mind 
by all persons who are engaged in the investigation of natural 
affinities. It isa secret sign which must never be neglected. 
At the base of the petiole, where it joins the stem, and 
upon its lower surface, the cellular tissue increases in quan- 
tity, and produces a protuberance or gibbosity, which Ruellius, 
and after him Link, called the pulvinus, and De Candolle 
coussinet ( fig. 56.a). At the opposite extremity of the petiole, 
where it is connected with the lamina, a similar swelling is often 
remarkable, as in Sterculia, Mimosa sensitiva, and others : this 
is called the struma, or, by the French, bourrelet (fig. 56. b). 
Occasionally the petiole embraces the branch from which 
it springs, and in such case is said to be sheathing ; and is even 
called a sheath or vagina, as in grasses (fig. 55.a). When the 
lower part only of the petiole is sheathing, as in Umbelliferae, 
that part is sometimes called the pericladiuwm. In grasses.there 
is a peculiar membranous process at the top of the sheath, 
between it and the blade, which has received the name of 
ligula (fig. 55. b) (languette, Fr.; collare, Rich.): for the na- 
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ture of this process see page 122. In the Asparacus, 
the petiole has the form of a small sheath, is destitute of 
blade, and surrounds the base of certain small branches 
having the appearance of leaves; such a petiole has been 
named hypophyllium by Link. In Trapa natans, Pontedera 
crassipes, and other plants, the petiole is excessively dilated 
by air, and acts as a bladder to float the leaves: except: in 
this state of dilatation, it differs in no wise from common 
petioles: it has, nevertheless, received the name of vesicula 
from De Candolle, who considers it the same as the bladdery 
expansions of Fuci. The petiole is generally straight: occa- 
sionally it becomes rigid and twisted, so that the plant can 
climb by it. In Combretum it hardens, curves backward, 
loses its blade, and by degrees becomes an exceedingly hard, 
durable hook, by means of which that plant is able to raise 
itself upon the branches of the trees in its vicinity. 

It has been said that the figure of the petiole usually ap- 
proaches more or less closely to the cylindrical: this, however, 
is not always the case. In many plants, especially of an herba- 
ceous habit, it is very thin, with foliaceous margins ; it is then 
called winged. ‘There are, moreover, certain leafless plants, 
as the greater number of species of Acacia, in which the 
petiole becomes so much developed as to assume the appear- 
ance of a leaf, all the functions of which it performs. Petioles 
of this nature have received the name of Phyllodia (fig. 57.). 
They may always be distinguished from true leaves by the fol- 
lowing characters: —1. If observed when the plant is very 
young, they will be found to bear leaflets. 2. Both their sur- 
faces are alike. 3. They very generally present their margins 
to the earth and heavens, —not their surfaces. 4. They are 
always straight-veined ; and, as they only occur among dico- 
tyledonous plants which have reticulated leaves, this peculiarity 
alone will characterise them. 

But, besides the curious transformation undergone by the 
petiole when it becomes a phyllodium, there are several others 
still more remarkable; among these the first to be noticed is 
the cirrhus or tendril (Vrille, Fr.; Capreolus and Clavicula of 
the old botanists). It is one of the contrivances employed by 
nature to enable plants to support themselves upon others that 
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are stronger than themselves. It was included by Linneeus 
among what he called fulcra ; and has generally, even by very 
recent writers, been spoken of as a peculiar organ. But, as it 
is manifestly in most cases a particular form of the petiole, I 
see no reason for regarding it in any other light. It may, 
indeed, be a modification of the inflorescence, as in the Vine; 
but this is an exception, showing, not that the cirrhus is not 
a modification of the petiole, but that any part may become 
cirrhose. 

In some cases the petiole of a compound leaf is lengthened, 
branched, and endowed with the power of twisting round any 
small body that is near it, as in the Pea: it then becomes what 
is called a cirrhus petiolaris. At other times, it branches off on 
each side at its base below the lamina into a twisting ramifi- 
cation, as in Smilax horrida; when it is called a cirrhus pe- 
duncularis. At other times it passes, in the form of midrib, 
beyond the apex of a single leaf, twisting and carrying witl 
it a portion of the parenchyma, as in Gloriosa superba; when 
it is said to be a cirrhus foliaris. | De Candolle also refers to 
tendrils the acuminate, or rather caudate, divisions of the 
corolla of Strophanthus, under the name of cirrhus corollaris. 

As another modification of the petiole, I am disposed to 
consider with Link (Elem. 202.) the singular form of leaf in 
Sarracenia and Nepenthes (fig. 58.), which has been called 
a pitcher ( Ascidium, Vasculum outre De Candolle). ‘This con- 
sists of a fistular green body, occupying the place and per- 
forming the functions of a leaf, and closed at its extremity by 
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a lid termed the operculum. To me it appears that the pitcher 
itself, or fistular part, is the petiole, and the operculum the 
blade of a leaf in an extraordinary state of transformation. 
Look, for example, at Dionzea muscipula; in this plant the 
leaf consists of a broad-winged petiole, articulated with a col- 
lapsng blade, the margins of which are pectinate and 
inflexed. Only suppose the broad-winged petiole to collapse 
also, and that its margins, when they meet, as they would in 
consequence of a collapsion, cohere; a fistular body would 
then be formed, just like the pitcher of Sarracenia (jig. 58. B), 
and there would be no difficulty in identifying the acknow- 
ledged blade of Dionzea with the operculum of Sarracenia 
also. From Sarracenia the transition to Nepenthes (fig.58. A) 
would perhaps not be considered improbable. 
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The student must not, however, suppose that all pitchers 
are petioles, because those of Nepenthes and Sarracenia are 
so. Those of the curious Dischidia Rafflesiana (jig. 59.), 
figured by Wallich in his Plante Asiatice Rariores, are 
leaves, the margins of which are united. The pitchers of 
Marcgraavia and Norantea (j/ig.60.) are bracts in the same 
state. . 

Spines of the leaves are formed either by a lengthen- 
ing of the woody tissue of the veins, or by a contraction 
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of the parenchyma of the leaves: in the 
former case they project beyond the sur- 
face or margin of the leaf, as in the Holly 
(Ilex aquifolium) in the latter case they 
are the veins themselves become _har- 
dened, as in the palmated spines of the 
Barberry. The spiny petiole of many 
Leguminous plants is of the same nature 
as the latter. So strong is the tendency 
in some plants to assume a spiny state, 
that in a species of Prosopis from Chili, 
of which I have a living specimen now 
before me, half the leaflets of its bipinnate 
leaves have the upper half converted into 
spines. 


2. Of Stipules. 


At the base of the petiole, on each side, is frequently seated 
a small appendage, most commonly of a texture less firm than 
the petiole, and having a tapering termination. ‘These two 
appendages are called stipules. ‘They either adhere to the 
base of the petiole or are separate ; — they either endure as 
long as the leaf, or fall off before it ; — they are membranous, 
leathery, or »spiny;— finally, they are entire or laciniated. 
By Link they have been called Paraphyllia ; an unnecessary 
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term. When they are membranous, and surround the stem 
like a sheath, cohering by their anterior margins, as in Poly- 
gonum (fig. 61.), they have been termed ochrea by Willdenow. 
Of this the fibrous sheath at the base of the leaves of Palms, 
_ called reticulum by some, may possibly be a modification. In 
pinnated leaves there are often two stipules at the base of each 
leaflet as well as at the base of the common petiole: stipules, 
under such circumstances, are called stpels. 

The exact analogy of stipules is not well made out. De 
Candolle seems, from some expressions in his Organographie, 
to suspect their analogy with leaves; while, in other places 
in the same work, it may be collected that he rather con- 
siders them special organs. I am clearly of opinion that, 
notwithstanding the difference in their appearance, they are 
really accessory leaves: first, because occasionally they are 
transformed into leaves, as in Rosa bracteata, in which I have 
seen them converted into pinnated leaves ; secondly, because 
they are often undistinguishable from leaves, of which they 
obviously perform all the functions, as in Lathyrus, Lotus, 
and many other Leguminosee: and, finally, because there are 
cases in which buds develope in their axils, as in Salix, a 
property peculiar to leaves and their modifications. De 
Candolle, in suggesting, after Seringe, that the tendrils of 
Cucurbitaceze are modified stipules, assigns the latter a ten- 
dency to a transformation exclusively confined either to the 
midrib of a leaf, or to a branch; and they cannot be the 
latter. 

It is sometimes difficult to distinguish from true stipules 
certain membranous expansions, or cilize, or glandular append- 
ages of the margin of the base of the petiole, such as are 
found in Ranunculaceze, Apocynez, Umbelliferze, and many 
other plants. In these cases the real nature of the parts is 
only to be collected from analogy, and a comparison of 
them with the same part differently modified in neighbouring 
species. 

De Candolle remarks, that no Monocotyledonous plants 
have stipules; but they certainly exist, at least in Fluviales 
and Aroidez. It is also said that they’ do not occur in the 
embryo; but then there are some exceptions to this opinion, 
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as well as to Miquel’s remark, that they never occur upon 
radical leaves (Strawberry). 

Turpin considers them of two kinds. 

1. Distinct, but rudimentary, leaves, when they originate 
from the stem itself, as in Cinchonacese, &e. 

2. Leaflets of a pinnated leaf, when they adhere to the leaf- 
stalk, as in Roses, &e. 

The ligula of grasses, a membranous appendage at the apex 
of their sheathing petiole, which some have considered stipules, 
should rather be understood as a membranous expansion 
analogous to the corona of some Caryophylleze, such as 
Silene. 

It has been already noted, that when they surround the 
stem of a plant they become an ochrea; in this case their 
anterior and posterior margins are united by cohesion; a 
property that they possess in common with all modifications 
of leaves, and of which different instances may be pointed out 
in Magnoliaceze, where the back margins only cohere, in cer- 
tain Cinchonaceze, in which the anterior margins of the stipules 
of opposite leaves are united, and in a multitude of other 
plants. 


3. Of Bracts. 
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All the parts that have hitherto been subjects of enquiry 
are called organs of vegetation ; their duty being exclusively 
to perform the nutritive parts of the vegetable economy. 
Those which are about to be mentioned are called organs of 
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fructification ; their office being to reproduce the species by a 
process in some respects analogous to that which takes place 
in the animal kingdom. The latter are, however, all modifi- 
cations of the former, as will hereafter be seen, and as the 
subject of this division is in itself a kind of proof; bracts not 
being exactly either organs of vegetation or reproduction, but 
between the two. 

Botanists call Bracts either the leaf from the axil of 
which a flower is developed, such as we find in Veronica 
agrestis ; or else all those leaves that are found upon the inflo- 
rescence, and are situated between the true leaves and the 
calyx. There are, in reality, no exact limits between bracts 
and common leaves ; but in general the former may be known 
by their situation immediately below the calyx, by their 
smaller size, difference of outline, colour, and other marks.’ 
They are generally entire, however much the leaves may be 
divided ; frequently scariose, either wholly or in part; often 
deciduous before the flowers expand; but rarely very much 
dilated, as in Origanum Dictamnus, and a few other plants. 
It is often more difficult to distinguish bracts from the sepals 
of a polyphyllous calyx than even from the leaves of the stem. 
In fact, there is in many cases no other mode than ascertain- 
ing the usual number of sepals in other plants of the same 
natural order, and considering every leaf-like appendage on 
the outside of the usual number of sepals as a bract. - In 
Camellia, for example, if it were not known that the normal 
number of sepals of kindred genera is five, it would be im- 
possible to determine the number of its sepals. When the 
bracts are very small, they are called bractlets; or, if they 
are of different sizes upon the same inflorescence, the smallest 
receive that name. It rarely occurs that an inflorescence is 
destitute of bracts. In Cruciferze this is a general character, 
and is observed by Link to indicate an extremely irregular 
structure. When bracts do not immediately support a flower 
or its stalk, they are called empty (vacue). As a general 
rule, it is to be understood, that whatever intervenes between 
the true leaves and the calyx, whatever be their form, colour, 
size, or other peculiarity, comes within the meaning of the 
term. 
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Under particular circumstances bracts have received the 
following peculiar names : — 

When they are empty, and terminate the inflorescence, they 
form a coma, as in Salvia Horminum. In this case they are 
generally enlarged and coloured. 

If they are verticillate, and surround several flowers, they 
constitute an znvolucre. In Umbelliferous plants, the bracts 
which surround the general umbel are called an universal 
involucre ; and those which surround the umbellules a partial 
_ involucre, or involucellum. In Composite, the involucre 
often consists of several rows of imbricated bracts, and has 
received a variety of names, for none of which does -there 
appear to be the least occasion. Linneeus called it calya 
communis, Necker perigynandra communis, Richard periphor- 
anthium, Cassini periclinium. ‘There is often found at the 
base of the involucre of Composite an exterior rank of 
bracts, which Linnzeus called calyculus ; and such involucres 
as were so circumstanced calyx calyculatus. Cassini restricts 
the term znvolucre to this; but it seems most convenient to 
call these exterior bracts bractlets, and to say that an involu- 
cre in which they are present is bast bracteolatus, bracteolate 
at the base. 

Another and very remarkable form of the involucre is the 
cupula (fig. 67.). It consists of bracts not developed till after 
flowering, when they cohere by their bases, and form a kind 
of cup. In the Oak the cupula is woody, entire, and scaly, 
with indurated bracts: in the Beech it forms a sort of 
coriaceous valvular spurious pericarp: in the Hazel Nut 
(fig. 65.) it is foliaceous and lacerated: in the Yew it is fleshy 
and entire, with no appearance of bract. 

The name squama or scale is usually applied to the bracts 
of the catkin; it is also occasionally used to indicate any 
kind of bract which has a scaly appearance. 

The bracts which are stationed upon the receptacle of 
Composita, between the florets, have generally a membranous 
texture and no colour, and are called palee, Englished by 
some botanists chaff of the receptacle. 'The French call this 
sort of bract pallette, Cassini squamelles (fig. 64.). 

In Palms and Aroidez there are seated, at the base of the 
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spadix, large coloured bracts, in which the spadix, during 
eestivation, is wholly enwrapped, and which may perhaps per- 
form in those plants the office of corolla. This is called the 
spathe (fig. 85.). Link considers it a modification of the 
petiole! (Elementa, p. 253.) 


The most remarkable arrangement of bracts takes place 
in Grasses, in which they occupy the place of calyx and 
corolla, and have received a great variety of names from 
different systematic writers. In order to explain distinctly 
the application of these terms, I must describe with some 
minuteness the structure of a locusta or spikelet, as the partial 
inflorescence of Grasses is denominated. ‘Take, for example, 
any common Bromus; each spikelet will be seen to have at its 
base two opposite empty bracts (jig. 68. 5), one of which is 
attached to the rachis a little above the base of the other: 
these are the glumes of Linnzeus and most botanists, the gluma 
exterior or calycinalis of some writers, the tegmen of Palisot 
de Beauvois, the lepicena of Richard, the cetonium of 'Trinius, 
and, finally, the peristachyum of Panzer. Above the glumes are 
several florets sitting in denticulations of the rachis (fig. 68. c): 
each of these consists of one bract, with the midrib quitting 
the blade a little below the apex, and elongated into a bristle 
called the awn, beard, or arista, and of another bract facing 
the first, with its back to the rachis, bifid at the apex, with no 
dorsal vein, but with its edges inflexed, and a rib on each side 
at the line of inflexion (fig.68.a). These bracts are the 
corolla of Linneeus, the calyx of Jussieu, the perianthium of 
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Brown, the gluma interior or corollina and perigonium of some, 
the stragulum of Palisot de Beauvois, the gluma of Richard, 
the bale or Glumella of De Candolle and Desvaux, the palee 
of others. When the arista proceeds from the very apex of 
the bracts, and not from below it, it is denominated in the 
writings of Palisot a seta. Within the last-mentioned bracts, 
and opposite to them, are situated two extremely minute 
colourless fleshy scales (jig. 68. e), which are sometimes 
connate: these are named corolla by Micheli and Dumortier, 
nectarium by Linnzeus, squamule by Jussieu and Brown, 
glumella by Richard, glumellula by Desvaux and De Candolle, 
lodicula by Palisot de Beauvois, and periphyllia by Link. 
Amidst these conflicting terms it is not easy to determine 
which to adopt. I recommend the exterior empty bracts to 
be called glumes; those immediately surrounding the fer- 
tilising organs palee; and the minute hypogynous ones 
scales or squamule. 

The pieces of which these three classes of bracts are com- 
posed are called valves or valvule by the greater part of 
botanists; but as that term has been thought not to convey an 
accurate idea of their nature, Desvaux has proposed to sub- 
stitute that of spathella, which is adopted by De Candolle. 
Palisot proposed to restrict the term glume to the pieces 
of the glume, and to call the pieces of the perianthium palee. 
Richard called the pieces of both glume and perianthium 
palee, and the scales paleole. It seems to me most con- 
venient to use the term valvula ; because it is more familiar to 
botanists than any other, and because I do not see the force 
of the objection which is taken to it. 

In the genus Carex two bracts (jig. 68. 7, h) become con- 
fluent at the edges, and enclose the pistil, leaving a passage 
for the stigmas at their apex. They thus form a single urceo- 
late body named urceolus or perigynium. De Candolle justly 
observes, in his Théorie, that some botanists call this nec- 
tarium, although it does not produce honey; others capsula, 
although it has nothing to with the fruit; but he does not 
seem to me more correct than those he criticises in arranging 
the urceolus among his miscellaneous appendages of the floral 
organs, which are “ni organes génitaux ni tégumens.” I 
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believe I was the first who explained the true nature of the 
urceolus, in my translation of Richard’s Analyse du Fruit, 
printed in 1819. (p. 13.) 

At the base of the ovary of Cyperaceze are often found little 
filiform appendages, called hypogynous sete (fig. 68. d) by 
most botanists, and perigynium by Nees von Esenbeck. 
These are probably of the nature of the squamulee of Grasses, 
and have been named perisporum by some French writers. 

Bracts are generally distinct from each other, and imbri- 
cated or alternate. Nevertherless, there are some striking 
exceptions to this; as remarkable instances of which may be 
cited Althea and Lavatera among Malvaceee, all Dipsaces, 
and some Trifolia, particularly my Tr. cyathiferum (Hooker 
Fl. Boreali-Amer.), in all which the bracts are accurately ver- 
ticillate, and their margins confluent, as in a true calyx. 


4. Of the Flower. 
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The Flower is a terminal bud inclosing the organs of 
reproduction by seed. By the ancients the term flower was 
restricted to what is now called the corolla; but Linnzeus 
wisely extended its application to the union of all the organs 
which contribute to the process of fecundation. The flower, 
therefore, as now understood, comprehends the calyz, the 
corolla, the stamens, and the pistil, of which the two last only 
are indispensable. The calyx and corolla may be wanting, 
and a flower will nevertheless exist; but, if neither stamens 
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nor pistil nor their rudiments are to be found, no assemblage 
of leaves, whatever may be their form or colour, or how much 
soever they may resemble the calyx and corolla, can constitute 
a flower. 

We usually consider the flower to consist of a certain num- 
ber of whorls, or of parts originating round a common centre 
from the same plane. But Adolphe Brongniart has correctly 
pointed out the fact that what we call whorls in a flower are 
in many cases not so, strictly speaking, but only a series of 
parts in close approximation, and at different heights upon 
the short branch that forms the axis. This is particularly 
obvious in a Cistus, where, of the five sepals, two are lower 
and exterior, and three higher and within the first. The 
manner also in which the petals overlap each other evidently 
points to a similar cause, although the fact of those pieces 
being inserted at different heights may not be apparent. 
— (See Ann. des Sc. v. xxiil. p. 226.) 

The flower, when in the state of a bud, is called the alabas- 
trus (bouton of the French); a name used by Pliny for the 
rose-bud. Some writers say alabastrum, forgetting, as it 
would seem, that that term was used by the Romans for a 
scent-box,. and not for the bud of a flower. Link calls the 
parts of a flower generally, whether united or connate, moria, 
whence a flower is bi-polymorious (Elem., 243.); but I know of 
no other writer who employs these terms, which indeed are 
quite superfluous. 

The flowers of an anthodium, which are small, and some- 
what different in structure from ordinary flowers, are called 
florets ( flosculi ; elytriculi of Necker ; fleuron of the French). 

The period when a flower opens is called its anthesis ; the 
manner in which its parts are arranged, with respect to each 
other, before the opening, is called the e@stivation. Aéstivation 
is the same to a flower-bud as vernation (p. 61.) is to a leaf- 
bud : the terms expressive of its modifications are to be sought 
in Glossology. This term zestivation is applied separately to 
the parts of which a flower may consist; thus, we speak of the 
eestivation of the calyx, of the corolla, of the stamens, and 
of the pistil; but never of the estivation of a flower col- 
lectively. 7 
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5. Of the Inflorescence. 


Inflorescence is a term contrived to express generally the 
arrangement of flowers upon a branch or stem. ‘The part 
which immediately bears the flowers is called the pedunculus 
or peduncle, and is to be distinguished from any portion of a 
branch by not producing perfect leaves; those which are 
found upon it called bracts being much reduced in size and 
figure from what are borne by the rest of the plant. 

The term peduncle, although it may be understood to apply 
to all the parts of the inflorescence that bear the flowers, is 
only made use of practically, to denote the immediate support 
of a single solitary flower, and is therefore confined to that 
part of the inflorescence which first proceeds from the stem. 
If it is divided, its principal divisions are called branches; and 
its ultimate ramifications, which bear the flowers, are named 
pedicels. ‘There are also other names which are applied to its 
modifications. 

In plants which are destitute of stem, it often rises above 
the ground, supporting the flowers on its apex, as in the 
Cowslip. Such a peduncle is named a scape (hampe, Fr.). 
Some botanists distinguish from the scape the pedunculus radi- 
calis, confining the former term to the peduncle which arises 
from the central bud of the plant, as in the Hyacinth; and 
applying the latter to a peduncle proceeding from a lateral 
bud, as in Plantago media. 

When a peduncle proceeds in a nearly right line from the 
base to the apex of the inflorescence, it is called the rachis, or 
the axis of the inflorescence. ‘This latter term was used by 
Palisot de Beauvois to express the rachis of Grasses, and is 
perhaps the better term of the two, especially as the term 
rachis is applied by Willdenow and others, without much 
necessity it must be confessed, to the petiole and midril of 
Ferns. In the spikelets of Grasses the rachis has an unusual, 
toothed, flexuose appearance, and has received the name of 
scobina from Dumortier. If it is reduced to a mere bristle, 
as in some of the single-flowered spikelets, the same writer then 
distinguishes it by ihe name of acicula. 

When the part which bears the flowers is repressed in its 
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developement, so that, instead of being lengthened into a 
rachis, it forms a flattened area on which the flowers are 
arranged, it becomes what is called a receptacle; or, in the 
language of some botanists, the receptacle of the flower ( fig.74.) 


When the receptacle is not fleshy, but is surrounded by an 
involucre, it is called the clinanthium (the thalamus of Tour- 
nefort), as in Composite, or, in the language of Richard, 
phoranthium ; the former term is that generally adopted ; 
Lessing, however, calls it rachis. But if the receptacle is 
fleshy, and is not enclosed within an involucrum, as in Dor- 
stenia and Ficus (fig. 74.), it is then called by Link Hypan- 
thodium ; the same writer formerly named it Amphanthium, a 
term now abandoned. With receptacles of this sort, which 
are depressed and distended branches, are not unfrequently 
confounded parts of a different nature, as in the Strawberry, 
the soft, succulent centre of which (fig. 75.) is evidently the 
growing point (see p. 56.), excessively enlarged, and bearing 
the carpels upon its surface. See Disx, further on. 

According to the different modes in which the inflorescence 
is arranged, it has received different names, the right applica- 
tion of which is of the first importance in descriptive botany. 
If flowers aré sessile along a common axis, as in Plantago, the 
inflorescence is called a spike (épi, Fr.), (jig. 77.) ; if they are 
pedicellate, under the same circumstances, they form a raceme 
(grappe, Fr.), (fig. 78.), as in the Hyacinth: the raceme and 
the spike differ, therefore, in nothing, except that the flowers 
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of the latter are sessile, of the former pedicellate. ‘These are 
the true characters of the raceme and spike, which have been 
confused and misunderstood in a most extraordinary manner 
by some French writers. 
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When the flowers of a spike are destitute of calyx ana 
corolla, the place of which is taken by bracts, and when 
with such a formation the whole inflorescence falls off in a 
single piece, either after flowering or ripening the fruit, as in 
Corylus, Salix, &c., such an inflorescence is called an amentum 
or cathin (chaton, Fr.; Catulus, Iulus, nucamentum, of old 
writers), (fig. 82.) 

If a spike consists of flowers destitute of calyx and corolla, 
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the place of which is occupied by bracts, supported by other 
bracteze which enclose no flowers, and when with such a form- 
ation the rachis, which is flexuose and toothed, does not fall: 
off with the flowers, as in Grasses, each part of the inflo- 
rescence so arranged is called a spikelet or locusta (épillet, Dee. ; 
paquet, ‘Tournefort). 

When the flowers are closely arranged around a fleshy 
rachis, which is enclosed in the kind of bract called a spathe 
(see p. 125.), the inflorescence is termed a spadizx (spadice or 
poincon, Fr.), (fig. 85.). This is only known to exist in Aroi- 
deze and Palms. It is frequently terminated, as at jig. 85., by a 
soft club-shaped mass of cellular substance which extends far 
beyond the flowers, and is itself entirely naked: this is an in- 
stance of a growing point altogether analogous to what forms 
the spine of a branch, except that it is soft and blunt, instead 
of being hard and sharp-pointed. 

The raceme has been said to differ from the spike only in 
its flowers being pedicellate: to this must be added, that the 
pedicels are all of nearly equal length ; but in many plants, as 
Alyssum saxatile, the lower pedicels are so long that their 
flowers are elevated to the same level as that of the upper- 
most flowers ; a corymb is then formed (fig. 87.). This term 
is frequently used in an adjective sense, to express a similar 
arrangement of the branches of a plant or of any other kind 
of inflorescence: thus, in Stevia, the branches are said to be 
corymbose; in others, the panicle is said to be corymbose ; 
and so on. When corymbose branches are very loose and 
irregular, they have given rise to the term muscarium; a name 
formerly used by Tournefort, but not now employed. 

If the expansion of an apparent corymb is centrifugal, in- 
stead of centripetal; that is to say, commences at the centre, 
and not at the circumference, as in Dianthus Carthusianorum, 
we then have the fascicle (jig. 83.) ; a term which may not 
incorrectly be understood as synonymous with compound co- 
rymb. ‘The modern corymb must not be confounded with that 
of Pliny, which was analogous to our capitulum. 

When the pedicels all proceed from a single point, as in 
Astrantia, and are of equal length, or corymbose, we have 
what is called an wmbel (fig. 80.). If each of the pedicels 
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bears a single flower, as in Eryngium, the umbel is said to be 
simple (fig. 80. a); but if they divide and bear other umbels, 
as in Heracleum, the umbel is called compound; and then 
the assemblage of umbels is called the universal umbel, 
while each of the secondary umbels, or the umbellules, is 
named a partial umbel. The peduncles which support the 
partial umbels are named radii. Louis Claude Richard con- 
fined the word umbel to the compound form, and named the 
simple umbel sertulum (bouquet) ; but this was an unnecessary 
change. 

Suppose the flowers of a simple umbel to be deprived of 
their pedicels, and to be seated on a receptacle or enlarged 
axis, and we have a capitulum or head, named glomus by some, 
glomerulus by others. If this is flat, and surrounded by an 
involucre, the compound flower, as it is inaccurately called 
by the school of Linnzeus, of Compositae, is produced ; which 
is often named by modern botanists anthodium ; it is also called 
cephalanthium by Richard, calathidium by Mirbel, calathium 
by Nees von Evenbeck. The flowers or florets borne by the 
anthodium in its circumference are usually ligulate, and differ- 
ent from those produced within the circumference. Those in 
the former station are called florets of the ray ; and those in 
the latter, florets of the disk. 

All the forms of inflorescence which have been as yet men- 
tioned are to be considered as reductions of the spike or 
raceme. ‘Those which are now to be described are decom- 
positions, more or less irregular, of the raceme. , 

The first of these is the panicle and its varieties. The 
simple panicle differs from the raceme in bearing branches of 
flowers where the raceme bears single flowers, as in Poa 
(fig. 81.) ; but it often happens that the rachis itself separates 
into irregular branches, so that it ceases to exist as an axis, as 
in some Oncidiums. This is called by Willdenow a deliquescent 
panicle. When the panicle was very loose and diffuse, the 
older botanists named it a juba; but this is obsolete. If the 
lower branches of a panicle are shorter than those of the 
middle, and the panicle itself is very compact, as in Syringa, 
it then receives the name of thyrsus. 

Suppose the branches of a deliquescent panicle to Beeoras 
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short and corymbose, with a centrifugal expansion indicated 
by the presence of a solitary flower seated in the axils of the 
dichotomous ramifications, and a clear conception is formed of 
what is called a cyme. This kind of inflorescence is found in 
Sambucus, Viburnum, and other plants (jig. 84.). 

If the cyme is reduced to a very few flowers, such a dis- 
position has been called a_ verticillaster by Hoffmansegg. 
(Verzeichniss z. Pflanz. Cult., 1. 203.) It constitutes the 
normal form of inflorescence in Labiatee, in which two verti- 
cillastri are situated opposite to each other in the axils of the 
opposite leaves. By Linnzeus, the union of two such verticil- 
lastri was called a vertcillus or whorl; and by others, with 
more accuracy, a verticillus spurius or false whorl. Link terms 
this inflorescence a thyrsula ; but Hoftmansege’s name seems 
preferable. 

The following tabular view of the differences in in- 
florescences will probably tend to render the above remarks 
more clear :— 


Flowers not placed on stalks, | 
arranged upon a lengthened axis, 
which is permanent, Spike, Locusta, Spadix. 
which is deciduous, Cathkin. 
arranged upon adepressed axis, Capitulum, Anthodium. 
Flowers placed on distinct stalks, 
arranged upon a lengthened axis. 
Stalks simple, 
and of equal length, Raceme. 
the lowermost the longest. 
Inflorescence centripetal, Corymb. 
centrifugal, Fascicle. 


Stalks branched. 
Inflorescence lengthened and 
centripetal, Panicle. 
———_———— depressed and cen- 
trifugal, Cyme, Verticillaster. 
arranged upon a depressed axis, Umbel. 


It occasionally happens, as in the Vine, that the rachis of 
some of the masses of inflorescence loses its flowers; but at 
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the same time acquires the property of twining round any 
body within its reach, and so of supporting the stem, which 
is too feeble to support itself. Such rachises form what is 
called a spurious cirrhus, or a cirrhus peduncularis, and are a 
striking exception to the general law that the cirrhus takes its 
rise from the petiole or midrib. 


6. Of the Calyx. 


The calyx is the most exterior integument of the Flower, 
consisting of several verticillate leaves, either united by their 
margins or distinct, usually of a green colour, and of a ruder 
and less delicate texture than the corolla. 

Authors have long disputed about the definition of a calyx, 
and the limits which really exist between it and the corolla: 
the above, which is copied from Link, seems to be the only 
one that can be considered accurate. ‘The fact is, that in 
many cases they pass so insensibly into each other, as in Caly- 
canthus and Nympheea, that no one can say where the calyx 
ends and the corolla begins, although it is evident that both 
are present. Linnzeus, indeed, thought that it was possible 
to distinguish them by their position with regard to the 
stamens, asserting that the divisions of the calyx are opposite 
those organs of the corolla alternate with them; but, if this 
distinction were admitted, the corolla of the Primrose would 
be an inner calyx, which is manifestly an absurdity. Jussieu 
defines a calyx by its being continuous; with the peduncle, 
which the corolla never is; and this may seem in some cases 
a good distinction ; but there are plenty of true calyxes, of all 
Papaveraceous and Cruciferous plants, for instance, in which 
the calyx is deciduous, and not more continuous with the 
peduncle than the corolla itself. ‘The only just mode of dis- 
tinguishing the calyx seems to me to be to consider it in all 
cases the most exterior verticillate series of the integuments 
of the flower within the bracts, whether it be half-coloured, 
deciduous, and of many pieces, as in Cruciferae ; membranous 
and wholly-coloured, as in Mirabilis ; green and campanulate, 
or tubular, as.in Laurus and Lythrum. Upon this principle, 
whenever there is only one series of floral integuments, that 
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series is the calyx. A calyx, therefore, can exist without a 
corolla; but a corolla cannot exist without a calyx. 

The term Perianth is sometimes given as synonymous with 
ealyx ; but this is an error. 

The word Perianth signifies the calyx and corolla com- 
bined, and is therefore strictly a collective term. It should 
only be employed to designate a calyx and corolla, the limits 
of which are undefined, so that they cannot be satisfactorily 
distinguished from each other, as in most Monocotyledonous 
plants, the Tulip and the Orchis for example. But since, 
even in such plants as these, there can be no reasonable doubt 
that the three outer floral leaves are the calyx, and the three 
inner the corolla (as is shown both by Tradescantia and its 
allies, in which the usual limits between calyx and corolla 
exist, and by the usual origin of those parts in two distinct 
whorls), the utility of the term Perianth is rendered ex- 
tremely confined. It is often a mere evasion of the task of 
ascertaining the exact nature of the floral envelopes in doubtful 
cases. Some writers, among whom are Link and De Can- 
dolle, have substituted Perigonium for Perianthium: but the 
latter is in most common use, its application is perfectly well 
understood, and there is no good reason for its being changed. 
Ehrhart, with whom the name Perigonium originated, called 
it double when the calyx and corolla are evidently distinct, 
and single if they are not distinguishable; but this use of 
terms is obsolete. 

The divisions of a calyx are called its sepals (sepala) ; a 
term first invented by Necker, and recently revived by De 
Candolle. Botanists of the school of Linnzeus call them the 
leaflets or foliola. Link says the word sepalum is barbarous, 
and proposes to substitute phyllum. ‘The sepals are generally 
longer than the corolla in zstivation, and during that period 
act as its protectors: during flowering they are mostly shorter. 

The calyx in ordinary cases, if deciduous, falls off from the 
peduncle by its base. In many cases the sepals drop off 
separately, as leaves fall from the stem ; but occasionally they 
cohere firmly into a sort of cap or lid, which is pushed off 
entire by the increase of the corolla and stamens: in these 
cases the calyx is said to be operculate, if it falls off without 
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any lateral rupture of its cap, as in Eucalyptus; and calyp- 
trate, if at the period of falling it bursts on one side, as in 
Eschscholtzia. In the former of these two cases, the cohesion 
between the sepals is complete and never destroyed; in the 
latter, two of the sepals separate, the cohesion between the 
remainder continuing complete. 

The calyx of Composite is so very different in appearance 
from the calyx of other plants, that it is known by the par- 
ticular name of pappus. It usually consists of hair-like pro- 
cesses proceeding from the apex of the ovary, in which case it 
is said to be pilose: if those hairs are themselves divided, it is 
plumose ; if they are very unusually stiff, it is setose, in which 
case the setz are often reduced in number to two, or even 
one; if the divisions of the pappus are broad and membranous, 
it is said to be paleaceous: finally, it is sometimes reduced to 
"a mere rim: in which case it is said either to be marginate, 
or to be none —to have no existence. If the pappus is in 
two rows, which it occasionally is, the inner circle only is to 
be understood as calyx: the exterior must then be accounted 
bracts or paleze of the receptacle confluent with the ovary. 

In such casesas those above mentioned, where the calyx is alto- 
gether obsolete, the definition of that organ, as the most exter- 
nal of the floral envelopes, appears to be destroyed; but there 
can be no doubt that it is present in the form of a membrane 
adhering to the side of the ovary, although it is not visible to 
our eyes. ‘The same may be said of such plants as those 
Acanthaceze (Introduction to the Nat. Syst., p. 233.), in which, 
although the calyx is reduced to a mere ring, yet it does exist 
in the shape of that ring. 

The Calyx being composed of leaves analogous to those of 
the stem, but reduced in size and altered in appearance, it 
will follow that it is subject to the same laws of developement 
as stem-leaves ; and, as the latter, in all cases, originate imme- 
diately from the axis, below those that succeed them in the 
order of developement, so the calyx must always have an 
origin beneath those other organs which succeed it in the 
form of corolla, stamen, and pistil or ovary. Hence has arisen 
the axiom in botany, that whatever the apparent station of the 
calyx may be, it always derives its origin from below the 
ovary: nevertheless, it is often said to be superior. 
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If it is distinct from the ovary, as in Silene, it is said to be 
inferior (calyx inferus, or liberus); and the ovary is then called 
superior (ovarium superum, or liberum) (Plate V. fig. 3.) ; but 
if it is firmly attached to the sides of the ovary, so that it can- 
not be separated, as in Myriophyllum, it is then called superior 
(calyx superus), and the ovary inferior (ovarium inferum) 
(Plate V. fig. 7.9.). From what has been said of pappus it 
will be obvious that it is a superior calyz. 

The general opinion of botanists, in regard to the real 
nature of the superior calyx, is such as I have stated; and 
the accuracy of it in the majority of cases is indisputable: 
but it is by no means certain that, in some instances, what is 
called the tube of the calyx is not, as I have elsewhere stated 
(Introduction to the Natural System, p. 26.), ‘sometimes a 
peculiar extension or hollowing out of the apex of the pedicel, 
of which we see an example in Eschscholtzia, and of which 
Rosa and Calycanthus, and, perhaps, all supposed tubes with- 
out apparent veins, may also be instances.” And if this be 
so, the superior calyx may be so in consequence of the 
cohesion of the ovary with the inside of an excavated 
pedicel, and not with the calyx itself. 

When the sepals cohere by their contiguous edges into a 
kind of tube or cup, the calyx is said to be monophyllous ; an 
inaccurate term, which originated in what may be called the 
dark age of botany, when the real nature of organs was 
unknown, and when a monophyllous calyx was thought to 
consist really of a single leaf, clipped into teeth at its margin. 
To avoid this inaccuracy, the word gamosepalous has been 
proposed ; but as the real nature of a monophyllous calyx is 
now understood, changing the term is more embarrassing to 
the student than profitable to science. 

Various terms are employed to express the degree in which 
the sepals of a monophyllous calyx cohere: they will be ex- 
plained in Glossology. When no cohesion whatever takes place 
between the leaves of a calyx, the term sepalous is employed 
with that Greek numeral prefixed, which is equivalent to the 
number of pieces; as, for example, if they are two, the calyx is 
disepalous; if three, trisepalous; if four, tetrasepalous, and so on. 

Sometimes the calyx has certain expansions or dilatations, 
as in Scutellaria and Salsola. These are generally named 
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appendages, and such a calyx is said to be appendiculate ; but 
Meench has proposed a particular term for them, peraphyllum, 
which is, however, never used. 


7. Of the Corolla. 


That envelope of the flower which forms a second whorl 
within the calyx, and between it and the stamens, is called the 
corolla. Its divisions always, without exception, alternate 
with those of the calyx, and are called petals. Like the 
sepals, they are either united by their margins, or distinct; 
but, unlike the calyx, they are rarely green, being for the most 
part either white, or of some colour, such as red, blue, or 
yellow, or of any of the hues produced by their intermix- 
ture. The corolla is generally also much larger than the calyx. 

Necker called the corolla perigynandra interior, and Lin- 
neeus occasionally gave it the name of Auleum, which literally 
signifies the drapery of a room. 

The alternation of the segments of the corolla with those 
of the calyx is a necessary consequence of their both being 
modifications of whorls of leaves, and therefore subject to the 
same laws of arrangement. If two whorls of leaves are exa- 
mined, those of Galium, for example, they will always be 
found to be mutually so arranged, that if the internode that 
separates them were removed, they would exactly alternate 
with each other; and as there are no known exceptions to this 
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law in real leaves, it is natural that it should not be departed 
from in any modifications of them. 

When the petals of a corolla are all distinct, then the 
corolla is said to be polypetalous ; but if they cohere at all by 
their contiguous margins, so as to form a tube, it then be- 
comes what is called monopetalous ; an inaccurate term of the 
same origin as that of monophyilous, in regard to calyx (see 
p- 138.), and for which that of gamopetalous has been some- 
times substituted. 

If the petals adhere to the bases of the stamens, so as to 
form a sort of spurious monopetalous corolla, as in Malva 
and Camellia, such a corolla has been occasionally called 
catapetalous ; but this term is never used, all such corollas 
being considered polypetalous. 

When the petals are confluent into a monopetalous corolla, 
they constitute what is called a tube; the orifice of which is 
the faux or throat. ‘The principal forms of such a corolla 
are rotate (jig. 94.), hypocrateriform (fig. 92.), infundibu- 
liform (fig. 95.), campanulate (fig. 69.), and labiate (jig. 93.). 
When the divisions of a monopetalous corolla do not, as in 
Campanula, spread regularly round their centre, but part 
take a direction upwards, and the remainder a direction 
downwards, as in Labiateze, the upper form what is called the 
upper lip, and the lower, the lower lip, or labellum ; the latter 
term is chiefly applied to the lower lip of Orchideous plants. 
If the upper lip is arched, as in Lamium album, it is termed 
the galea or helmet. When the two lips are separated from 
each other by a wide regular orifice, as in Lamium, the 
corolla is said to be labiate or ringent ; if the upper and lower 
sides of the orifice are pressed together, as in Antirrhinum, it 
is personate or masked, resembling the face of some grinning 
animal. In the latter the lower side of the orifice is elevated 
into two longitudinal ridges, divided by a depression corre- 
sponding to the sinus of the lip; this part of the orifice is 
called the palate. In ringent and personate corollas the 
orifice is sometimes named the rictus ; but this term is super- 
fluous and little used. 

*A petal consists of the following parts : — the limb or lamina 
(lame, Hr.) ; and the wnguis or claw (onglet, Fr.). The claw 
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is the narrow part at the base which takes the place of the 
foot-stalk of a leaf, of which it is a modification; the limb is 
the dilated part supported upon the claw, and is a modifica- 
tion of the blade of a leaf. In many petals there is no claw, 
as in Rosa; in many it is very long, as in Dianthus. When 
the claw is present, the petal is said to be wnguiculate. In 
some unnaturally deformed flowers the limb is absent, as in 
the garden variety of Rose, called R. Ctillet, in which the 
petals consist wholly of claw. 

According to the manner in which the petals of a polype- 
talous corolla are arranged, they have received different names, 
which are thus defined by Link: —the rosaceous corolla 
(jig. 97.) has no claw, or it is very small; the Lliaceous 
(jig. 72.) has its claws gradually dilating into a limb, and 
standing side by side; a caryophyllaceous has long, narrow, 
distant claws; the alsinaceous has short distant ones; the 
cruciate flower has four valvaceous sepals, four petals, and six 
stamens, of which two are shorter than the rest, and placed 
singly in front of the lateral sepals, and four longer, and 
standing in pairs opposite the two other sepals. If the corolla 
is very irregular, with one petal very large and helmet-shaped, 
or hooded, as in Aconitum, it is sometimes called cassideous ; 
if it resembles what is called labiate in monopetalous corollas, 
it is termed labiose. ‘The corolla of the Pea, and most Legu- 
minous plants, has received the fanciful name of papilionaceous 
or butterfly-shaped (figs. 98, 99.); in 
this there are five petals, of which the 
upper is erect and more expanded than 
the rest, and is named the standard or 
vexillum (étendard, Fr.); the two late- 
ral are oblong, at right angles with the 
standard, and parallel with each other, 
and are called the wings or ale (ailes, 
Fr.); and the two lower, shaped like 
the wings and parallel with them, co- 
here by their lower margin, and form 
the heel or carina (caréne or nacelle, 
Fr.). The wings were formerly called 
talare by Link, and the keel ‘scaphium by the same author. | 
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When the corolla is very small, or when it forms a part of 
an anthodium, it is called corollula.: that of a floret is so called. 

If the flower has no corolla, it is said to be apetalous. 

Sometimes a petal is lengthened at the base into a hollow 
tube, as in Orchis, &c.: this is called the spur or calear, and 
by some nectarotheca. 

In Umbelliferze the petal is abruptly acuminate; and the 
acumen is inflexed. ‘The latter is named the dacinula. 

A corolla is said to be regular when its segments form 
equal rays of a circle supposed to be described, with the 
axis of the flower for a centre. If they are unequal, the 
corolla is called irregular. Equal and unequal are occasionally 
substituted for regular and irregular. 

In anatomical structure, the petal should agree with a leaf, 
of which it is a mere modification; and, in fact, it does so 
in all that is important, its differences consisting chiefly in 
an attenuation and colouring of the tissue, with a suppression of 
woody fibre. Like a leaf, petals consist of a flat plate of paren- 
chyma, articulated with the stem, traversed by veins, and fre- 
quently having stomates upon its surface. ‘Their veins consist 
almost entirely of delicate spiral vessels, upon which the 
parenchyma is immediately placed. It is therefore by mis- 
take that De Candolle has stated (Organogr., p. 454.) that 
stomates and spiral vessels are usually absent. The latter may 
be very readily seen in the corolla of Anagallis, where they 
form a beautiful microscopical object, as I first learned from 
Mr. Solly. 

The petals are usually deciduous soon after flowering, or 
even at the instant of expansion; a very rare instance of 
their persistence and change from minute colourless bodies 
into leafy, richly coloured expansions, occurs in Melanorrhza 
usitatissima. 

Their colours are due to the secretion within the bladders 
of their parenchyma of a peculiar substance: even white 
petals are so in consequence of the deposit of an opaque white 
substance, and not because of the absence of colouring matter. 

In most corollas the petals, in their natural state, form but 
one whorl within that of the calyx: but instances exist in 
which they naturally are found in several whorls, as in Nymph- 
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pheea, Nuphar, Magnolia, &c. It sometimes happens that, if 
there is more than one row of petals, all within the first row 
assume a different appearance from the first; the filamentous 
processes of the crown of Passiflora are also apparently of this 
nature. 

The petals are often furnished with little appendages 
(fig. 105.), which are either inner rows of petals in a state of 
adhesion to the first row, or modified stamens; which it is 
sometimes difficult to ascertain, but always certainly one of 
the two. Many of these enter into Linnzeus’s notion of nec- 
tarium, although nearly the whole of them are destitute of 
any power of secreting nectar or honey. 


The most common form of appendage is the corona, which 
proceeds from the base of the limb, forming sometimes an undi- 
vided cup, as in Narcissus (fig. 104.), when it becomes the 
scyphus of Haller ; sometimes dividing into several foliaceous 
erect scales, as in Silene and Brodiaa, when it forms the lamella 
of some writers; occasionally appearing as cylindrical or clavate 
processes, as in Schwenckia and Tricoryne, where it is mani- 
festly modified stamens; and even in some instances forming 
a thick solid mass covering over the ovarium, and adhering to 
the stamens, as in Stapelia; when it is called the orbiculus. 
Parts of this last form of corona bear several names, which 
are found useful in avoiding repetition in describing the com- 
plicated structure of this kind of appendage. The whole mass 
of the corona is the orbiculus, or saccus, or stylotegium ; cer- 
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tain horn-like processes are cornua, or horns; the upper end 
of these is the beak, or rostrum, and their back, if it is dilated 
and compressed, is the ala, or appendix ; occasionally there is 
an additional set of horns proceeding from the base of the 
orbiculus, and alternate with the horns, these are ligule ; the 
circular space in the middle of the top of the orbiculus is the 
scutum. Brown names the orbiculus corona staminea, and its 
divisions foliola, or leaflets. 

In some plants, as Cynoglossum, the lamelle are very 
small, scale-like, and overarch the orifice of the tube; such 
have received the name of forniz. 

Link calls every appendage which is referable to the corolla 
a paracorolla ; or, if consisting of several pieces, parapetalum ; 
and every appendage which is referable to the stamens a 
parastemon. ‘The filiform rays of the corona of Passiflora the 
same author calls paraphyses or parastades. 

Meench names such appendages of the corolla as the fila- 
mentous beard of Menyanthes perapetalum, and Sprengel calls 
the same thing nectarilyma. 

In Ranunculus there exists at the base of each petal a little 
shining, sometimes elevated, space which secretes honey. ‘This 
is the true nectarium or nectarostigma of Sprengel. By some 
writers it has been considered a kind of reservoir, in which 
there is much plausibility ; but it seems to me, from analogy, 
to be a barren stamen, united with the base of the petal, and 
to be of the same nature as the lamella of other plants. 


8. Of the Stamens. 
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Next the petals, in the inside, are seated the organs called 
Stamens — the Apices of old botanists. These constitute the 
Andreceum or male apparatus of the flower, like the calyx and 
corolla are modifications of leaves, and consist of the filament, 
the anther, and the pollen, of which the two latter are essential: 
the first is not essential; that is to say, a stamen may exist 
without a filament, but it cannot exist without an anther and 
pollen. All bodies, therefore, which resemble stamens, or 
which occupy their place, but which are destitute of anther, 
are either petals, or appendages of the petals, or abortive 
stamens. 

As the petals are naturally alternate with the sepals, so the 
natural station of the stamens, if of equal number with the 
petals, is alternately with them; and all deviations from this 
law are to be understood as irregularities arising from the 
suppression or addition of parts. “Thus, when in the Primrose 
we find the stamens opposite the segments of the corolla, 
and equal to them in number, it is to be supposed that those 
stamens which are present constitute the second of two rows 
of which the exterior is not developed; and when in Silene 
we find the stamens ten, while the petals are five, the former 
are to be considered to consist of two rows, although appear- 
ing to consist of one. ‘This may be understood by examining 
Oxalis, in which the stamens are all apparently in one row, 
but are alternately of different lengths. When the number 
of stamens exceeds twice that of the petals, they will still 
be divisible by the number of which they were at first a 
multiple, until their number is excessively increased, when 
they seem to cease to bear any kind of proportion to the 
petals. 

The stamens always originate from the space between the 
base of the petals and the base of the ovary. But botanists 
are nevertheless in the habit of saying that they are inserted 
into the calyx or corolla (jig. 120.) (perigynous), or under the 
pistil (fig. 118.) (hypogynous), or into the pistil (fig. 119.) 
(epigynous), all expressions inaccurate and leading to erroneous 
notions of structure. The student, therefore, must understand, 
that when in the Primrose the stamens are said to be inserted 
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into the mouth of the corolla, it is meant that they cohere 
with the corolla as far as the mouth, where they first separate 
from it; when in the Rose they are said to be inserted into 
the calyx, it is meant that they cohere with the calyx up to a 
certain point, where they separate from it; when in Arabis 
they are said to be inserted under the pistil, it is meant that 
they cohere with neither calyx nor corolla, but stand erect 
from the point which immediately produces them ; and finally, 
when in Orchis or Heracleum they are said to be inserted into 
the pistil, such an expression is to be taken as meaning that they 
cohere with the pistil more or less perfectly. For excellent argu- 
ments in support of this hypothesis, see Dunal’s Considérations 
sur la Nature et les Rapports de quelques uns des Organes de la 
Fleur. Ido not use them, or any such, here, because it seems 
to be so self-evident a fact, when once pointed out, as to re- 
‘quire no demonstration. 

When the filaments are combined into a single mass, the 
mass is said to be a brotherhood or an adelphia: if there is 
one combination, as in Malva, they are monadelphous (fig. 114.); 
if two, as in Fumaria or Pisum, diadelphous ; if three, as in 
some Hypericums, triadelphous ; if several, as in Melaleuca, 
polyadelphous (fig. 112.). - The tube formed by the union of 
the filaments in a monadelphous combination is called, by 
Mirbel, androphorum. 

If the stamens are longer than the corolla they are exserted ; 
if shorter, they aré called included: when they all bend to one 
side, as in Amaryllis, they are declinate ; if two out of four are 
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shorter, they are didynamous ; if four out of six are longest, 
they are tetradynamous. 

The number of stamens is indicated by a Greek numeral 
prefixed to the word androus, which signifies male, thus: — 


One stamen is Monandrous. 


Two — Diandrous. 
Three —  ‘Triandrous. 
Four —  £‘Tetrandrous. 
Five —  Pentandrous. 
Six — Hexandrous. 
Seven —  Heptandrous. 
Eight —  Octandrous. 
Nine — _ Enneandrous. 
Ten —  Decandrous. 
Eleven or twelve stamens, Dodecandrous. 
Twelve to twenty — — Icosandrous. 
Above twenty —  Polyandrous, or Indefinite. 


The filament (Plate III.) (capillamentum, or pediculus, of 
some) is the part that-supports the anther. It consists of a 
bundle of delicate woody tissue and spiral vessels, surrounded 
by cellular tissue, and is in all respects the same as the petiole 
of a leaf, of which it is a modification, except that its parts are 
more delicate. As the petiole is unessential to the leaf, so is 
the filament to the anther, it being frequently absent, or at 
least so strictly united to the sides of the calyx or corolla as to 
be undistinguishable. Its most common figure is filiform or 
eylindrical (Plate III. fig. 12, 13. 20, 21.), and it is almost 
always destitute of colour; but there are exceptions to both 
these characters. In Fuchsia, for instance, the filaments are 
red like the petals; in Adamia they are blue; in C&nothera 
they are yellow; and a return to the foliaceous state of which 
they usually are a distinct modification is by no means rare. 
(Plate IV. fig. 6. 8.) Thus the filament in Canna is undis- 
tinguishable from petals except by its having an anther; 
in the same genus and its allies, and in all Scitamines, the 
inner series of what seem to be petals are modifications of 
filaments (see Introduction to the Nat. Syst. p. 265.): and this 
is a very common circumstance in sterile stamens. 
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The filament also varies in other respects: in Thalictrum 
it is thickest at the upper end, or clavate (Plate III. fig. 23.); 
in Mahernia geniculate (Plate III. fig. 25.), in Hirtella 
spiral, in Crambe bifurcate, in Anthericum bearded or stupose. 
In some plants the filaments are combined into a solid body 
called the columna, as in Stapelia, Stylidium (Plate IV. fig. 1, 
2, 3.), Rafflesia, and others: this has in Orchidez received 
from Richard the name of gynostemium. 

Care must be taken not to confound the pedicel and single 
stamen of the naked male flowers of Euphorbia with a fila- 
ment, as was done by all writers, until Brown detected the 
error. For modifications of filaments see Plates III. and IV. 

The Anther (Theca of Grew; Capsula, Malpighi; Apez, 
Ray; Testiculus or Testis, Vaillant; Capitulum, Jungius ; Sper- 
matocystidium, Hedwig) is a body generally attached to. the 
apex of the filament, composed of two parallel lobes or ¢ells 
(thece, or coniothece, or loculi), containing pollen, and united 
by the connective. It consists entirely of cellular tissue, with 
the exception sometimes of a bundle of very minute vascular 
tissue, which diverges on each side from the filament, and 
passes through that part of the anther from which the pollen 
has been incorrectly supposed to separate, and which is 
called the receptacle of the pollen by some, the trophopollen by 
Turpin, and the raphe by Link, but with greater propriety 
the septum of the anther. Its coat is called by Purkinje 
exothecium. 

In the most common state of the anther the cells are parallel 
with each other (Plate III. fig. 14.), and open with two 
valves (Plate III. fig. 13. a), by a longitudinal fissure from 
the base to the apex; in Labiate and Scrophularinee the 
cells diverge more or less at the base (Plate ILI. fig. 15. 18.), 
sO as in some cases to assume the appearance of a one-celled 
horizontal anther, especially after they have burst. In Cu- 
curbitaceze the lobes are very long and narrow, sinuous, and 
folded back upon themselves (Plate III. fig. 24.) In Salvia 
the connective divides into two unequal portions, one of which 
supports a cell and the other is cell-less; in this case the 
connective has been called by Richard, distractile. Lacistema 
(Plate IV. fig. 7.) affords another instance of a divided con- 
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nective. In many of the cases of excessive divergence of the 
cells the line of dehiscence of the anther is changed from lon- 
gitudinal to vertical (Plate III. fig. 20.17.), and has actually 
been supposed to be really transverse ; an error which in most 
cases has arisen from not understanding the real structure of 
the anther. Some anthers, however, no doubt have cells that 
burst transversely, as Lemna, Alchemilla arvensis, Securi- 
nega, &e. (See Plate III. fig. 12. 16. 30.) 

All anthers are not two-celled, their internal structure 
being subject to several modifications. It sometimes happens 
that the septum, instead of being very obscurely formed, pro- 
jects forward into the cavity of the anther, till it meets the 
inflexed lips of the fissure: in such a case the anther is spu- 
riously four-celled, as in Tetratheca. In Epacris the two 
parallel cells become confluent into one, and the anther is 
therefore one-celled. In Maranta and Canna only one cell 
is produced, the other being entirely suppressed. In most 
Amarantaceze, and some other plants, the anther seems to be 
absolutely one-celled. (Plate IV. fig. 8.) 

Other deviations from the normal form of anther occur, 
which are less easy to reconcile with the idea of a two-celled 
type. In some Laurinez the anther is divided into four cells, 
one placed above the other in pairs; in Atgiceras it consists 
of numerous little cavities; and in the singular genus Rafflesia 
the interior is separated into many cellules of irregular figure 
and position, described by Brown as “ somewhat concentrical, 
longitudinal, the exterior ones becoming connivent towards 
the apex, sometimes confluent, and occasionally interrupted 
by transverse partitions.” In these instances the septa may 
be understood to arise from portions of the cellular tissue of 
the anther remaining unconverted into pollen. 

With regard to the deviation from the usual mode of de- 
hiscence, Brown observes (Linn. Trans. xiii. 214.), that 
they are numerous: in some cases consisting either in the 
aperture being confined to a definite portion, — generally the 
upper extremity of the longitudinal furrow, —- as in Dillenia 
and Solanum; in the apex of each theca being produced 
beyond the receptacle of the pollen into a tube opening at 
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top, as in several Ericinese (Plate III. fig. 22.); or in the 
two thecz being confluent at the apex, and bursting by a 
common foramen or tube, as in Tetratheca (See Plate IV. 
fig. 4.). In other cases a separation of determinate portions 
of the membrane takes place, either the whole length of the. 
theca, as in Hamamelidez and Berberideze, or corresponding 
with its subdivisions, as in several Laurinee, or lastly, having 
no obvious relation to internal structure as in certain species 
of Rhizophora. In Laurinez and Berberidez the anthers are - 
technically said to burst by valves (Plate IV. fig. 10, 11.), 
that is to say, the dehiscence does not take place by a cen- 
tral line, but the whole face of the cell separates from the 
anther, and curls backwards, adhering to it only at the apex 
to which it is, as it were, hinged. 

The cells of the anther have frequently little appendages, 
as in different species of Erica, when they resemble sete, 
aristee, or crests. (Plate III. fig. 29.) 

The anthers are attached to the filament either by their 
base, when they are called innate (Plate III. fig. 27. 21. 23.), 
or by their back, when they are adnate (Plate III. fig. 13.), 
or by a single point of the connective from which they lightly 
swing: in the latter case they are said to be versatile. This 
form is common to all true Grasses. 

When the line of dehiscence is towards the pistil, the 
anthers are called by Brown antice, but by other botanists 
introrse, or turned inwards: when the line is towards the 
petals they are said by Brown to be postice, and by other 
botanists to be extrorse, or turned outwards. 

The connective is usually continuous with the filament, 
and terminates just at the apex of the anther; but in some 
plants, as Composite, it is articulated with the filament 
(Plate IV. fig. 5.). In others it is lengthened far beyond the 
apex (Plate IV. fig. 6. 9.), now into a kind of crest, as in many 
Scitamineze ; now into a sort of horn, as in Asclepiadez ; now 
into a kind of secreting cup-like body articulated with the 
apex, as in Adenostemon. Very frequently it is enlarged in 
various ways. For cases of this kind see Plates III. and IV. 
Its being sometimes two-lobed, or forked, has been already 
noticed (Plate IV. fig. 7.). The lining of the anther has 
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received particular illustration from Purkinje, who calls it 
endothecium, and who has found that it consists of that very 
remarkable kind of tissue which has been already described 
under the name of fibro-cellular. According to that bo- 
tanist the forms of this tissue are extremely variable, the 
bladders being sometimes oblong, sometimes round, frequently 
cylindrical, usually fully developed, or, in some cases, merely 
rudimentary; the bladders are in some species erect, in others 
decumbent ; but in all cases more or less fibrous. (See Plate I. 
figs. 4. 138, 14, 15. 18, 19, 20.) for an elaborate treatise on 
the subject see Jon. Ev. Purxinge de Cellulis Antherarum 
Fibrosis. Vratislaviee, 1830. 4to, with 18 plates. 

The pollen is the pulverulent substance which fills the cells 
of the anthers: it consists of a multitude of little grains, 
most commonly called granules, or sometimes utricult. 

Gleichen considered pollen to take its origin in the midst 
of a mucilaginous mass, occupying the cells of the anther, and 
merely becoming indurated and solidified towards maturity. 
Brown, in the year 1820, without entering into any details on 
the subject, described it (Linn. Trans. xiii. 211.) as produced 
on the surface or in the cells of a pulpy substance with which 
the thecee are filled. But this hypothesis is objected to by 
Link (Elem. 294.). Guillemin (Recherches p. 5.) declares that 
the granules are always arranged in regular rows, and gene- 
rally in the direction of the valves, and that they are always 
distinct, at first floating in a viscid liquid, but finally quite 
separate from it. Adolphe Brongniart concludes, from a 
series of very interesting observations, “that the pollen is 
formed in the interior of the cells of a single and distinct 
cellular mass, which fills each cavity of the anther without ad- 
hering to its walls, and consequently without being a continu- 
ation of the parenchyma of that organ, from which it also 
differs in the size and form of the cells that compose it; that 
sometimes these cells, which are at first in close cohesion, se- 
parate from each other, when each becomes a grain of pollen ; 
and that sometimes the cells contain an uncertain number of 
grains of pollen, which, at the time of their perfect developement, 
rupture and almost entirely destroy their membrane, some 

L 4 


152 ORGANOGRAPHY. BOOK I. 


remains of which may occasionally be found among the grains 
of pollen. 

In 1831, Brown speaks thus of the evolution of the pollen 
of Tradescantia virginica. ‘In the very early stage of the 
flower bud, while the antherze are yet colourless, their loculi 
are filled with minute lenticular grains, having a transparent 
flat limb, with a slightly convex and minutely granular semi- 
opake disk. This disk is the nucleus of the cell, which pro- 
bably loses its membrane or limb, and, gradually enlarging, 
forms in the next stage a grain also lenticular, and which is 
marked either with only one transparent line, dividing it into 
two equal parts, or with two lines crossing at right angles, and 
dividing it into four equal parts. In each of the quadrants a 
small nucleus is visible: and even where one transparent line 
only is distinguishable, two nuclei may often be found in each 
semicircular division. These nuclei may be readily extracted 
from the containing grain by pressure, and, after separation, 
retain their original form. In the next stage examined, the 
greater number of grains consisted of the semicircular di- 
visions already noticed, which had naturally separated, and 
now contained only one nucleus, which had greatly increased 
in size. In the succeeding state the grain apparently con- 
sisted of the nucleus of the former stage, considerably enlarged, 
having a regular oval form, a somewhat granular surface, and 
originally a small nucleus. This oval grain continuing to in- 
crease in size, and in the thickness and opacity of its mem- 
brane, acquires a pale yellow colour, and is now the perfect 
grain of pollen.” (On Orchid. and Asclep. p. 21.) 

There are no observations, however, upon this subject which 
can be compared to those of Mirbel for clearness of descrip- 
tion, elaborate detail, and beautiful illustration. By beginning 
his enquiry at the very earliest period, when the organisation 
of the anther can be discovered, he has been enabled to ex- 
plain what was before obscure, and to correct what has been 
either inaccurately or imperfectly described. In 1832, he 
examined the developement of pollen in the anther of a 
Gourd. He states that ‘“ when the flower bud of this plant 
is about a line in length, each lobe of the anther is entirely 
composed of cellular tissue, the bladders of which present in 
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general a pentagonal or hexagonal figure more or less regular 
when cut across. In every cell, without excepting even those 
which constitute the superficial layer of the lobe, are certain 
loose particles, of such extreme minuteness that a magnifying 
power of 500 or 600 diameters is required to examine them sa- 
tisfactorily. I cannot compare them to anything better than 
to little transparent bladders, nearly colourless, more or less 
rounded, and of an equal size. I examined the cells of the 
lobe of the anther one by one; and I affirm that, at this early 
period, there is no trace of either the cells of the anther or of 
the grains of pollen. The whole of the tissue is perfectly 
uniform. In a flowerbud, but little larger than the first, I re- 
marked on each side of the medial line of the slice a group, 
consisting of a few bladders, which were rather larger than 
the others, but otherwise like them. ‘These larger bladders I 
propose to call pollen-cells, seeing that it is in their inside that 
the pollen is organised. In flowerbuds, from 14 to 2 lines 
in length, some remarkable changes were observable. The 
pollen-cells had become larger; their granules were so much 
multiplied that they were grouped and packed in opaque 
masses, and wholly filled the cells. ‘These cells and granules 
together constituted a greyish body, joined to the rest of the 
tissue by the intervention of a cellular membrane, —a sort of 
integument which, notwithstanding its organic continuity with 
the surrounding parts, was readily distinguishable; for while 
the bladders of the surrounding parts lengthened parallel to 
the plane of the surface, and to the plane of the base of the 
anther; those of the integument lengthened from the centre 
to the circumference. In anthers a little further advanced, 
the sides of the pollen cells, instead of being thin and dry as 
they had previously been, acquired a notable thickness, and 
their substance, gorged with fluid, resembled a colourless 
jelly. The cellular integument continued to adhere by its 
outer face to the lining of the cell of the anther, and by its 
inner face to the tissue formed by the pollen cells. Three and 
a half or four lines of length in the flower-bud corresponded 
with a phenomenon altogether unexpected. At first the 
thick and succulent wall of each pollen cell dilated, so as to 
leave a void between its inner face and the granules, not one 
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of which separated from the mass, which proved that a force. 
of some kind held them together. Shortly after four append- 
ages, like knife blades, developed at equal distances on the 
inner face of the pollen cell, and gradually directed their edge 
towards the centre, so that they began by cleaving the granu- 
lar mass in four different lines, and finished by dividing it 
into four little triangular masses; and when the appendages 
met in the centre they grew together, and divided the cavity 
of the pollen cell into four distinct cavities, which soon 
after rounded off their angles, and in a short time the little 
granular masses became spherical, like melted lead run into 
the hollow of a bullet-mould. ‘The partition of the mass thus 
brought about by the appendages seems to me to indicate that at 
this period the mass was not protected by a special integument, 
and that the mutual adhesion of the granules was very weak. 

*¢ When things had arrived at this point, the portion of the 
tissue formed by the pollen cells separated itself from the 
surrounding parts, and each pollen cell became loose, gene- 
rally in the form of a square parallelopiped with rounded 
angles; each little mass of granules gained a smooth, colourless, 
transparent membrane, which was at first membranous but 
afterwards became thick and succulent, and soon began to 
take on the characters peculiar to the pollen of the gourd. 
The integument began to bristle with fine conical papillee ; 
several roundish lids were traced out here and there on its 
surface ; it hardened, became opaque, assumed a yellow colour, 
ceased to grow, and attained its perfect maturity.” Mirbel 
adds to this highly interesting statement, that he finds in the 
generality of plants that the mode of forming the pollen is 
much the same as in the Gourd. 

The granules of pollen are commonly distinct from each 
other. They are, nevertheless, in certain cases, found in 
various states of cohesion. In some plants they cohere in 
threes or fours, as in many Orchideze; or in clusters of many 
grains, as in Acacia (Plate IV. fig. 28.). In some, as the 
Fuchsia, Cinothera, &c., they hang together by a sort of 
cobweb substance, which is the remains of the cellular matter 
in which they were engendered. In other cases they coalesce 
in masses, having a waxy texture and colour, and oecupying 


CHAP. Il. - POLLEN. 155 


the whole cavity of a cell of the anther, as in Asclepiadee. 
But the most curious instances of the cohesion of the grains 
of pollen is to be found in Orchidez ; in which some genera 
have the pollen in its common pulverulent state, with no 
remains of the cellular substance in which it was developed ; 
others have the granules held together by some of the cellular 
substance in an elastic state, and forming a distinct appendage 
to the pollen called the caudicula; while others have the grains 
united either by threes or fours, or in wedge-shaped masses, 
or in a hard, dry, solid body. It appears from Mr. Fran- 
cis Bauer’s observations, that the masses of pollen of both 
Asclepiadeze and Orchidez, in the most solid state are really 
cellular, the grains of pollen being contained in cavities, the 
walls of which are either separable from each other as in some 
Orchidez, or are ruptured without a separation of the cavities 
as in Asclepiadeze. (See the Observations on Orchidee and 
Asclepiadee before referred to.) And this is quite in con- 
formity with Mirbel’s account of the origin of the pollen in 
the Gourd. 

The granules are generally discharged at once, upon the 
dehiscence of the anther, or at least are at that time wholly 
formed. But in some Aroidez, which emit their pollen by a 
hole in the apex of their anther, the formation or develope- 
ment of pollen must be going on for a considerable time after 
the first emission. A single anther continues to secrete and 
discharge pollen, till, as Brown remarks, the whole quan- 
tity produced greatly exceeds the size of the secreting organ. 

The surface of the pollen is commonly smooth. In some 
plants it is hispid, as in the Gourd and Ipomeea purpurea; in 
others it is covered with strong points, as Hibiscus syriacus ; 
and in all cases, when there are asperites of the surface or 
angles in its outline, it is asserted by Guillemin to have a 
mucous surface, which was first observed in Proteaceze by 
Brown. 

The figure of the granules is various; most frequently it is 
spherical or slightly oblong. Many other forms have, how- 
ever, been described. ‘The cylindrical exists in Anethum 
segetum, and in a very remarkable degree in Tradescantia 
virginica, where the grains become curved. In Colutea arbor- 
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escens, they were observed by Guillemin to be nearly square; 
in Lavatera acerifolia to be oval, much attenuated to each end. 
In C&nothera they are triangular, with the angles so much 
dilated as to give the sides a curved form. In Jacaranda 
tomentosa I have remarked them to be spherical, with three 
projecting ribs tapering to either apex. In the Cichoracez of 
Jussieu the granules are spherical with facettes ; in Dipsaceze 
they are a depressed polyedron; in Scabiosa caucasica patelli- 
form and angular. (For other modifications see Plate IV. 
fig. 12. to 37.) 

Little lids are perceptible in some kinds, opening to admit 
of the passage of pollen tubes. Fritzche describes one in 
Grasses, two in the Nettle, four in the Orange, and six in the 
Primrose. Purkinje remarked three in the Passion Flower. 

In most spherical or elliptical pollen, with a smooth surface, 
a line is observable along the axes of the granules, when they 
are dry, which disappears upon the application of moisture. 
This was long ago remarked by Malpighi, who compared 
granules of pollen of this kind to grains of wheat, one side of 
which is convex and the other furrowed. Guillemin is of 
opinion that this supposed furrow exists on both sides of a 
grain of pollen, because, let there be never so many of this 
description examined at the same instant, the appearance will 
be visible in all. But it is probable that the strong trans- 
mitted light which is used in microscopical examinations of 
minute objects would render the furrow visible on both sides 
of a grain, although it really existed only on one. 

As to the nature of this supposed furrow, nothing positive 
is known. Guillemin supposes it to be a slit intended to 
facilitate the admission of water into the interior of the gra- 
nules and the emission of their fovilla, and he further com- 
pares it to the line of dehiscence of each lobe of the anther. 

Fritzche states it to be a thin part of the membrane, where 
the sides of the pollen grain are contracted and meet, pro- 
ducing the appearance of a furrow. 

Many botanists are of opinion that the coat of the pollen is 
a simple cellular substance; others think it a solid membrane ; 
and a third class of writers insist upon its consisting of two 
integuments, the outer of which is cellular, the inner mem- 
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branous and extensible: the last of these opinions is enter- 
tained by Adolphe Brongniart and Amici. Brown says that 
the existence of an inner membrane is manifest in several 
Coniferze, in which the outer coat regularly bursts and is 
deciduous; and further, he considers that the structure in 
Asclepiadeze, as discovered by Mr. Francis Bauer, furnishes 
the strongest argument in support of the opinion of the exist- 
ence of two membranes. In parts of such extreme minute- 
ness and delicacy of structure, a point of this kind cannot be 
determined by sections; for the sharpest knives in the most 
skilful hands will only crush the grain of pollen into a shape- 
less mass. The evidence of the existence of an internal 
membrane is derived from the appearance of a thin trans- 
parent coating round the fovilla when it is emitted upon the 
stigma, and which is sometimes extended to a considerable 
length. Its existence having been called in question, 
Adolphe Brongniart was induced, in his examination of the 
anther, to pay particular attention to the circumstance; and 
he declares that, “in all the pollen that he has examined with 
care, after it had been a greater or less space of time upon 
the stigma, he has found a tubular appendage, of variable 
length, formed of an extremely thin and transparent mem- 
brane, which evidently proceeded from the interior of the 
grain of pollen, either through an accidental opening, or 
through a special passage formed in the external membrane.” 
(See Plate IV. figs. 34. to 38.) He calls this pollen tube 
the boyau or intestine. Notwithstanding the precise manner 
in which this is stated, it has nevertheless been doubted by 
some whether the boyau or pollen-tube is any thing more than 
mucus surrounding the fovilla when emitted. Brown, in 
1828, declared his difference in opinion from Brongniart as 
to the existence of a membrane forming the coat of the pollen- 
tube; but, in 1831, he states, in another place, that several 
arguments may be adduced in favour of Brongniart’s opinion 
that the pollen-tubes belong to the inner membrane of the 
grain; and he particularly cites the structure in Asclepiadez 
as favourable to the opinion. Fritzche confirms the state- 
ment that two coats are actually present, and asserts that the 
only exceptions he has discerned are in plants that flower 
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under water, in which the coating is certainly simple. That 
the pollen-tube itself has not been found by some observers, 
has probably arisen from its having been looked for in pollen 
made to burst on the field of the microscope, immersed in 
water, when the pollen-tube is scarcely ever emitted. The 
vital action that causes the emission seems to depend upon 
contact with the secretion of the stigmatic surface. The 
pollen-tube is, therefore, only to be sought in pollen that 
has been some time upon the stigma. 

The colour of pollen is chiefly yellow. In Epilobium an- 
gustifolium it is blue, in Verbascum it is red, and it occa- 
sionally assumes almost every other colour, except green. 
According to Fourcroy and Vauquelin, the pollen of the Date 
tree consists of malic acid, phosphate of magnesia and lime, 
and also of an insoluble animal matter intermediate between 
gluten and albumen. Macaire Prinsep has ascertained that 
the pollen of the Cedar contains malate of potass, sulphate of 
potass, phcsphate of lime, silica, sugar, gum, yellow resin, and 
a substance which, by its characters, approximated to starch. 
Being analysed as a whole, it gave, per cent., 40 carbon, 
11:7 hydrogen, and 48°3 oxygen, but no nitrogen.— Budi. 
Univers. 1830. 45. 

The matter contained in the granules is called the fovilla. 
Under common magnifiers it appears like a turbid fluid; 
under glasses of greater power it has been found to consist of — 
a multitude of particlesmoving on their axes with activity, of 
such excessive minuteness as to be invisible, unless viewed 
with a magnifying power equal to 300 diameters, and mea- 
suring from the 4000th or 5000th to the 20,000th or 30,000th 
of an inch in length. This motion was first distinctly noticed by 
Gleichen; but it seems to have escaped the recollection of 
succeeding botanists until the fact was confirmed by Amici, 
who some time before 1824 saw and described a distinct, 
active, molecular motion in the pollen of Portulaca oleracea. 
In 1825 the existence of this motion was confirmed by Guille- 
min, who ascertained its presence in other species. In June 
1827 I was shown the motion by Dr. Brown, who subse- 
quently published some valuable observations upon the subject, 
without however noticing those of either Amici or Guillemin. 
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The most important addition that was made by Brown to the 
knowledge that previously existed, consisted in the discovery 
of the presence of two kinds of active particles in pollen, of 
which one is spheroidal, extremely minute, and not distin- 
guishable from the moving ultimate organic molecules com- 
mon to all parts of a vegetable, the other much larger, often 
oblong, and unlike any other kind of particle hitherto detected 
in plants. 

The supposed functions of these particles will be explained 
hereafter. For the present it will be sufficient to remark, 
that some of the best subjects in which to witness their mo- 
tions are Clarkia pulchella, Mirabilis jalapa, and Lolium 
perenne. 

For the fullest information concerning the nature of pollen, 
the student should consult Fritzche de plantarum polline 
Berolini, 1833. This ingenious observer found that several 
modes of examining pollen are preferable to those usual'y em- 
ployed. In particular he recommends the employment of 
sulphuric acid in the proportion of two parts of concentrated 
acid to three parts of water, for the purpose of viewing the 
pollen by transmitted light; by this means it is rendered 
transparent, and the spontaneous emission of pollen tubes is 
effected. In cases of very opaque pollen he employs oil instead 
of dilute acid, and he finds it renders an object more trans- 
parent than the acid itself; and in other instances, where the 
coat of the pollen is either too much or too little transparent 
to show the apertures in its sides, he finds a solution of Iodine 
in weak spirits of wine extremely useful. 


The stamen deviates in a greater degree than any other 
organ from the structure of the leaf, from a modification of 
which it is produced; and, at first sight, in many cases, it 
appears impossible to discover any analogy between the type 
and its modification ; as, for instance, between the stamen and 
leaf of a Rose. Nevertheless, if we watch the transitions that 
take place between the several organs in certain species, what 
was before mysterious or even inscrutable becomes clear and 
intelligible. In Nympheea alba the petals so gradually change 
into stamens, that the process may be distinctly seen to depend 
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upon a contraction of the lower half of a petal into the fila- 
ment, and by a development of yellow matter within the sub- 
stance of the upper end of the same petal on each side into 
pollen. A similar kind of passage from petals to stamens 
may be found in Calycanthus, Illicium, and many other 
plants. Now, as no one can doubt that a petal is a modified 
leaf, it will necessarily follow, from what has been stated, that 
a stamen is one also. But it is not from parts in their nor- 
mal state that the best ideas of the real nature of the stamen 
may be formed; it is rather by parts in a monstrous state, 
when reverting to the form of that organ from which they 
were transformed, that we can most correctly judge of the 
exact nature of the modification. ‘Take for example that well- 
known double Rose, called by the French R. Céillet. In 
that very remarkable variety, the claw of the petals may 
at all times be found in every degree of gradation from its 
common state to that of a filament, and the limb sometimes 
almost of its usual degree of development, — sometimes con- 
tracting into a lobe of the anther on one side, or perhaps on 
both sides, —now having the part that assumes the character of 
the anther merely yellow, — now polliniferous, — and finally 
acquiring, in many instances, all the characters of an un- 
doubted though somewhat distorted stamen. Double Pxo- 
nies, Double Tulips, and many other monstrous flowers, 
particularly of an icosandrous or polyandrous structure, 
afford equally instructive specimens. It is for these reasons 
that it is stated in the Outlines of the first Principles of Bo- 
tany, 307., that “the anther is a modification of the lamina, 
and the filament of the petiole.” * 

Such is the structure of the stamens in their perfect state. 
It often, however, happens that, owing to causes with which 
we are unacquainted, some of the stamens are developed 
imperfectly, without the anther and pollen. In such cases 


* Agardh considers a stamen to be composed of two leaves in a state of 
adhesion; and that it is in fact a bud axillary to a sepal or petal. This 
is very nearly the opinion formerly entertained by Wolff. Endlicher 
adopts this view to a certain extent; and supposes the leaves to be 
rolled backwards, so that their under surface becomes the polliniferous 
part. But all this is mere hypothesis, unsupported by a tittle of evidence, 
and in opposition to the direct observations of Mirbel. 
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they are called sterile stamens, and are frequently only to be 
recognised by the position they bear with respect to the other 
parts of the flower. Botanists consider every appendage, or 
process, or organ, that forms part of the same series of organs 
as the true stamens, or that originates between them and the 
pistil, as stamens, or as belonging to what Roper calls the 
andreeceum, namely, to the male system; and every thing on 
the outside of the fertile stamens is in like manner usually 
referred to modifications of petals, a remarkable instance of 
which is exhibited by Passiflora. ‘The appearances assumed 
by these sterile stamens are often exceedingly curious, and 
generally extremely unlike those of the fertile stamens; thus 
in Canna they are exactly like the petals; in Hamamelis they 
are oblong fleshy bodies, alternating with the fertile stamens ; 
in Pentapetes they are filiform, and placed between every 
three fertile ones; in Scitamineze they are minute gland-like 
corpuscles, a very common form (Plate IV. fig. 10. ¢); in 
Brodizea they are bifid petaloid scales; and in Asclepiadeze 
they undergo yet more remarkable transformations. Dunal 
calls these sterile stamens /epals (lepala) ; a term which has not 
yet been adopted. 


9. Of the Disk. 


By this term are meant certain bodies or projections, situ- 
ated between the base of the stamens and the base of the 
ovary, but forming part with neither; they are referred by 
the school of Linnzeus, along with other things, to nectarium : 
Link calls them sarcoma and perigynium ; and Turpin, phy- 
costemones. ‘The most common form is that of a fleshy ring, 
either entire or variously lobed, surrounding the base of the 
ovary (Plate V. fig. 4. e, 8. d), as in Lamium, Cobsa, Gra- 
tiola, Orobanche, &c.; in Gesneriese and Proteacez the disk 
consists of fleshy bodies of a conical figure, which are 
usually called glandule hypogyne. It occasionally assumes 
the appearance of a cup, named by De Candolle in Pzeonias 
and Aconites lepisma, a bad term, for which it is better to say 
discus cyathiformis. In flowers with an inferior ovary (Plate 5. 
fig. 9. c, 7.c) the disk necessarily ceases to be hypogynous, and 
generally also to appear in the form of scales. In Composite 
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it is a fleshy solid body, interposed between the top of the 
ovary and the base of the style; and has given rise, when 
much enlarged, to the unfounded belief in the existence of 
a superior ovary in that order, as in Tarchonanthus. In Um- 
belliferze it is dilated and covers the whdle summit of the 
ovary, adhering firmly to the base of the styles; by Hoffman 
it is then called stylopodium, a word which is seldom used. 

It is an opinion that daily gains ground, that the disk is 
really only a rudimentary state of the stamens; and it is 
thought that proofs of the correctness of this hypothesis are 
to be found in the frequent separation of the cyathiform disk 
into bodies alternating with the true stamens, as in Gesneria ; 
in its resemblance in Parnassia to bundles of polyadelphous 
stamens; and particularly in the fact noticed by Brown, 
that an anther is occasionally produced upon the highly 
developed disk of Pzeonia Moutan. ‘To which may be added 
the observation of Dunal, that half the disk of Cistus vagi- 
natus occasionally turns into stamens. (Considerations, Xe. 
p- 44.) 

Like the petals, sepals, and stamens, the disk always ori- 
ginates from below the pistil; but it often contracts an 
adhesion with the sides of the calyx, when it becomes perigy- 
nous, as in Amygdalus; or with both the calyx and the sides of 
an inferior ovary, when it becomes epigynous, as in umbel- 
liferous plants. 


10. Of the Pistil. 


The last organ to enumerate in the flower is that which 
constitutes the female system, or gyneceum of Roper, and 
which is usually called the piséil. In all cases it occupies the 
centre of the flower, terminating the axis of growth of the 
peduncle; and is consequently the part around which every 
other organ, without exception, is arranged. 

It is distinguished into three parts; viz. the ovary 
(Plate V. fig. 7. a), the style (fig. 7.f), and the stigma (fig. 
Sai ff Fo 

The ovary, called germen by Linneus, is a hollow case 
placed at the base of the pistil, enclosing the ovules, and often 
containing two or more cells or cavities. It is the part which 
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ultimately becomes the fruit ; and consequently, whatever may 
be the structure of the ovary, such must necessarily be that of 
the fruit: allowance being made, as will hereafter be ex- 
plained, for changes that may occur during the progress of the 
ovary to maturity. 

Notwithstanding what has been stated of the pistil con- 
stantly occupying the centre of the flower, and being the part 
around which all the other parts are arranged, an apparent 
exception exists in those flowers the calyx of which is said to 
be superior (Plate V. fig. 7.& 9.), as the Apple blossom. In 
this instance the ovary seems to originate below the calyx, 
corolla, and male system; on which account it is said to be 
inferior in such cases, while in the opposite state it is called 
superior. But in reality, the inferior ovary is only so in con- 
sequence of the tube of the calyx contracting an adhesion with 
éts sides ; and such being the case, the exactness of the descrip- 
tion of the constant place of the pistillum as above is unshaken. 
This is proved in many ways. In Saxifrageze, the genus 
Leiogyne has the ovary superior; in Saxifraga itself the 
calyx partially adheres to the sides of the ovary, which then 
becomes half inferior, while in Chrysosplenium the union 
between the calyx and ovary is complete, and the latter is 
wholly inferior. Again, in Pomacez, the ovaries partially 
cohere with the calyx in Photinia, completely in Pyrus, and 
by their backs only in Cotoneaster; whence the ovary is half 
superior in the first instance, quite inferior in the second, and 
what is called parietal in.the third. Botanists call any thing 
parietal which arises from the inner lining or wall of an organ; 
thus in Cotoneaster the ovaries are parietal, because they 
adhere to the inner lining of the calyx, and in Papaver the 
placenteze are parietal because they originate in the inner 
lining of the fruit. 

Sometimes the ovary, instead of being sessile, as is usually 
the case, is seated upon a long stalk; as in the Passion flower 
and the genus Cleome. ‘This stalk is often called the theca- 
phore or gynophore (also basigynium or podogynium); but it is 
obviously analogous to the petiole of a leaf, and the applica- 
tion of a special term to it appears unnecessary. Cassini calls 
the elongated apex of the ovary of some Composite le plateau. 
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That part of the ovary from which the ovules arise is called 
the placenta ( Trophospermium, Richard ; Spermaphorum, Colum, 
Receptacle of the Seeds.) It generally occupies the whole or a 
portion of one angle of each cell (Plate V. fig. 1. e, 2. ¢, &c.), 
and will be spoken of more particularly hereafter. It is. 
sometimes elongated in the form of a little cord, as in the 
Hazel nut, and many Cruciferze: it is then called the wmbi- 
lical cord ( funiculus umbilicalis, podospermium). 

The swelling of the ovary after fertilisation is termed 
grossification. 

The style (tuba of old authors) is that elongation of the 
ovary which supports the stigma (Plate V. fig. 7. f). It is 
frequently absent, and then the stigma is sessile: it is not 
more essential to a pistil than the stalk to a leaf, or the claw 
to a petal, or the filament to a'stamen. Anatomically con- 
sidered, it consists of a column of one or more bundles of 
vascular tissue, surrounded by cellular tissue; the former 
communicating on the one hand with the stigma, and on the 
other with the vascular tissue of the ovary. It is usually 
taper, often filiform, sometimes very thick, and occasionally 
angular: rarely thin, flat, and coloured, as in Iris and in 
Canna. In some plants it is continuous with the ovary, the. 
one passing insensibly into the other, as in Digitalis; in 
others it is articulated with the ovary, and falls off, by a clean 
scar, immediately after fertilisation has been accomplished, 
as in the Scirpus. Its usual point of origin is from the apex 
of the ovary; nevertheless, cases occur, in which it proceeds 
from the side, as in Alchemilla, or even from the base, as in - 
Labiatee and Boragineze. In these cases, however, it is to be 
understood that the geometrical and organic apices are differ- 
ent, the latter being determined by the origin of the style. 
For this reason, when the style is said to proceed from the 
side or base of the ovary, it would be more correct to say that 
the ovary is obliquely inflated or dilated, or gibbous at the 
base of the style. 

The surface of the style is commonly smooth; but in Com- 
positee, Campanulaceee, and others, it is often densely covered 
with hairs, called collectors, which seem intended as brushes 
to clear the pollen out of the cells of the anthers. In Lobelia 
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these hairs are collected in a whorl below the stigma; in 
Goodenovie they are united into a cup, in which the stigma is 
enclosed, and which is called the indusium (Plate V. fig. 13. 5). 
Many styles which appear to be perfectly simple, as for 
instance those of the Primrose, the Lamium, the Lily, or the 
Borage, are in reality composed of several grown together ; as 
is indicated by the lobes of their stigma, or by the number 
of cells or divisions of their ovary. In Malva an example 
may be seen of a partial union only of the styles, which are 
distinct upwards, but united below. In speaking of styles in 
this latter state, botanists are apt to describe them as divided 
in different ways, which is manifestly an inaccurate mode of 
expression. 

The stigma is the upper extremity of the style, without a 
cuticle ; in consequence of which it has, almost uniformly, 
either a humid or papillose surface. In the first case it is so 
in consequence of the fluids of the style being allowed to flow 
up through the intercellular passages of the tissue, there 
being no cuticle to repress and conceal them; in the latter 
ease the papillae are really the rounded sides of vesicles of 
cellular tissue. When perfectly simple, it is usually notched 
on one side, the notch corresponding with the side from which 
the placenta arises: see the stigma of Rosa, Prunus, Pyrus, 
and others. If it belongs to a single carpel (p. 143.), it is 
either undivided, or its divisions, if any, are all placed side 
by side, as in some Euphorbiaceee, Crocus, &c.; but if it is 
formed by the union of the stigmas of several carpels, its 
lobes are either opposite each other, as in Mimulus, or placed 
in awhorl, as in Geranium. Such being the case, it is always 
to be understood that an apparently simple ovary, to which 
two or more opposite stigmas belong, is really of a compound 
nature, some of its parts being abortive, as in Composite. 

Nothing is, properly speaking, stigma, except the secreting 
‘surface of the style; it very often, however, happens, that the 
term is carelessly applied to certain portions of the style. 
For example, in the genus Iris, the three petaloid lobed styles 
in ‘the centre are called stigmata; while the stigma is in 
reality confined to a narrow humid space at the back of each 
style: in Labiatee, Bentham has shown that what is called a 
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two-lobed stigma is a two-lobed style, the points only of the 
lobes of which are stigmatic: and in Lathyrus, and many 
other Papilionaceous plants, Linnzean botanists call the hairy 
back of the style the stigma; while, in fact, the latter is con- 
fined to the mere point of the style. 

Nevertheless, there are certain stigmas in which no 
denuded or secreting surface can be detected. Of this nature 
is that of Tupistra, in which the apparent stigma is a fungous 
mass with a surface of the same nature as that of the style ; 
in such a stigma the mode of fertilisation forms a very inte- 
resting problem, which botanists have yet to solve. 

The centre of a stigma consists of tissue of a peculiar 
character, which communicates directly with the placenta, 
and which is called the stigmatic tissue. It is more lax than 
that which surrounds it, and serves for the conveyance of the 
fertilising matter of the pollen into the ovules. 

Such is a general view of the more remarkable peculiarities 
of the female system. ‘This part, however, bears so important 
an office in the functions of vegetation, is so valuable as a 
means of scientific arrangement, and is liable to such a great 
variety of modifications, that it will be necessary now to con- 
sider it in another and more philosophical point of view. For 
we have yet to consider the structure of the compound pistil, 
and to learn to understand the exact nature of its cells, and 
dissepiments, and placentee, and the precise relation that these 
parts bear to each other; and also to prove that the necessary 
consequence of the laws under which pistils are constructed 
is, that they can be subject to only a particular course of 
modification, within which every form must absolutely, and. 
without exception, fall. ‘This enquiry would, perhaps, be less 
important if none but structure of a very regular and uniform 
kind were to exist; but, considering the numberless anoma- 
lies that the pistil exhibits, it becomes at once one of the most 
difficult and most essential parts of a student’s investigation. 

In the days of Linnzeus and Geertner, and even in those of 
the celebrated L. C. Richard, nothing whatever was known 
of this matter, and consequently the writings of those car- 

~pologists are a mere tissue of ingenious misconceptions. Nor 
did the subject become at all intelligible, notwithstanding the 
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writings of Wolff, until the admirable Treatise upon Vege- 

table Metamorphosis, which had been published by Goethe 

in 1790, but which had long been neglected, was again 

brought into notice, and illustrated by the skilful demonstra- 

tions of De Candolle, Turpin, Du Petit Thouars, and others. 
121 122 


According to these writers, the pistil is either the modifi- 
cation of a single leaf, or of one or more whorls of such leaves, 
which are technically called carpels. Each carpel has its own 
ovary, style, and stigma, and is formed by a folded leaf, the 
upper surface of which is turned inwards, the lower outwards, 
and the two margins of which develop one or a greater num- 
ber of buds, which are in a rudimentary state, and are called 
the ovules. 

A very distinct idea of the manner in which this occurs 
may be obtained from the carpel of a double cherry, in which 
the pistil loses its normal carpellary character, and reverts to 
the structure of the leaf. In this plant the pistil is a little 
contracted leaf, the sides of which are pressed face to face, 
the midrib elongated, and its apex discoloured, or a little dis- 
tended. If we compare this with the pistil of a single cherry, 
the margins of the leaf with the ventral suture, the elongated 
midrib with the style, the discoloured distended apex with the 
stigma, they will be found to correspond exactly. 

In this case there is an indisputable identity of origin and 
nature between the ovary and the blade of a leaf, —between 
the little suture that occupies one angle of the carpel of a 
cherry, and the line of union of the two edges of the leaf, — 
M 4 
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and between the elongated midrib, with its distended apex, and 
the style and stigma. There can be no doubt that the plan 
of all carpels is the same; so that the ovary is the blade of a 
leaf, the style an elongated midrib, and the stigma the denuded, 
secreting, humid apex of the latter. 

Such being the origin of the carpel, its two edges will cor- 
respond, one to the midrib, the other to the united margins of 
the leaf! These edges often appear in the carpel like two 
sutures, of which that which corresponds to the midrib is called 
the dorsal, that which corresponds to the united margins is 
named the ventral suture. 

It is at some point of the ventral suture that is formed the 
placenta, which is a copious development of cellular substance, 
out of which the ovules or young seeds arise. It, the placenta, 
originates from both margins of the carpellary leaf ;—but, as 
they are generally in a state of cohesion, there appears to be 
but one placenta,—nevertheless, if, as sometimes happens, 
the margins of the carpellary leaf do not unite, there will be 
two obvious placentae to each carpel. Now, as the stigma is 
the termination of the dorsal suture, it occupies the same 
position as that suture with regard to the two placentze; con- 
sequently the normal position of the two placentze of a single 
carpel will, if they are separate, be right and left of the 
stigma. ‘This is a fact very important to bear in mind, _ 

Pistils consisting of but one carpel are simple; of several, 
are compound. If the carpels of a compound pistil are dis- 
tinct entirely or in part, they are apocarpous, as in Caltha; if 
they are completely united into an undivided body, as in 
Pyrus, they are syncarpous. ‘That syncarpous pistils are really 
made up of a number of united carpels is easily shown, as 
Goéthe has well remarked, in the genus Nigella, in which N, 
orientalis has the carpels partially united, while N. damascena 
has them completely.so. In the latter case, however, the styles 
are distinct; they and the stigmas are all consolidated in a 
single body, when the pistil acquires its most complete state 
of complication, as in the Tulip; which is, however, if care- 
fully examined, nothing but an obvious modification of such a 
pistil as that of Nigella damascena. 

This important conclusion is deducible from the foregoing 
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considerations: viz., that, as the carpels are modified leaves, 
they are necessarily subject to the same laws of arrangement, 
and to no others, as leaves developed around a common axis 
upon one or several planes. For no axiom appears more in- 
contestable in botany, than that all modifications of a given 
organ are controlled essentially in the same way, and by the 
same influences, as the organ itself in an unmodified state : 
and hence every theory of the structure of fruit which is not 
reducible to that which would be applicable to the structure 
of whorls of leaves is vicious of necessity. I shall proceed to 
demonstrate the perfect accordance of the carpellary theory 
of structure in every point with these principles. 

The placenta ‘arises from the two margins, either distinct 
or more usually combined, of a leaf folded inwards. When 
a leaf is folded inwards, its margins will point towards the 
stem or axis around which it is developed; and in a whorl 
of leaves such inflected margins would all be collected 
round a common centre; or, if the axis were imaginary, 
in consequence of the whorl being terminal, would be 
placed next each other, in a circle of which the back of the 
leaves would represent the circumference. Therefore the 
placentze will always be turned towards the axis, or will 
actually meet there, forming a common centre; and, which 
is a very important consequence of this law, if one carpel 
only, with its single placenta, be formed in a flower, the true 
centre of that flower will be indicated by the side of the car- 
pel occupied by the placenta. Proofs of this may be found 
in every blossom: but particularly in such as, habitually 
having but one carpel, occasionally form two, as the Wisteria 
sinensis, Alchemilla arvensis, Cerasus acida, &c.; in these the 
second carpel, when added, does not arise by the side of the 
first, but opposite to it, the face of its placenta being in front 
of that of the habitual carpel. A fourth proof of this uniform 
direction of the placentze towards the axis is afforded by 
those pistils in which a great number of carpels is developed 
in several rows, as in the Strawberry and the Ranunculus: 
in all these the placentee will be, without exception, found 
directed towards the axis, and consequently towards the 
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123 back of every row, except the in- 
ner. For example, in the follow- 

i . ing diagram (123.), let O be the 

axis, b b placenta, cc the backs of 

¢ Lp : carpels; the placentae, b 6, of the 
() £ } inner row will be next the centre 
Cis O; the placentze, 5 b, of the second 


row will be next the backs, c ec, of 


‘ the first row; and so on. 
¢ If the order of developement of 
leaves were exactly followed in that of the stamens and car- 
124 pels, it would happen that the latter 
(«) would be invariably alternate with 


the inner row of stamens; for if aa 
Ese? (a) (fig. 124.) is the station of five sta- 
mens, 4 6 would be the situations of 
(«) ) the carpels: this relative position is 
Cy, therefore considered the normal one, 
[eS (a) and is in fact that which usually ex- 
(«) ists in perfectly regular flowers ; 
but as all the parts of a flower, 
in consequence of the non-developement of some parts, or 
the excessive developement of others, are subject to devia- 
tions, either real or apparent, from what is considered 
their normal state, it frequently happens that the carpels 
either bear no apparent relation to the stamens or are 
opposite to them. In Papilionaceous plants, for example, 
where only one carpel is present, it is difficult to say that it 
bears any exact relation to the stamens, although it is pro- 
bable that its position is really normal with regard to them; 
and so also in Rosaceous plants, with numerous carpels, no 
exact relation can be proved to exist between the latter and 
the stamens, unless it may be said to be indicated by those 
genera, such as Spireea, in which the carpels are reduced to 
five; and, finally, in such plants as Delphinium, in which the 
carpels are three, while the floral envelopes and male system 
are divided upon a quinary plan, it is manifest that no alter- 
nation can exist between the stamens and carpels. 
As the sepals and petals most commonly consist each of a 
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single whorl of parts, so the pistil is more frequently com- 
posed of one whorl of carpels than of more. ‘There are, how- 
ever, certain families in which several whorls are produced 
one within the other, as in Fragaria, Ranunculus, Magnolia, 
Annona, and the like. In these cases it mostly happens that 
the carpels are either entirely separate or nearly so; but it 
sometimes happens that syncarpous pistils are habitually pro- 
duced with more than one whorl of carpels, and consequently 
of cells, as Nicotiana multivalvis, and some varieties of the 
genus Citrus. In such instances the placentz of the outer 
series will necessarily be applied to the backs of the inner 
series, as has been just demonstrated. ; 

This mutual relation of the different rows of carpels is 
sometimes observed when the receptacle from which they 
arise is either convex or concave: in the former state the 
outer series will obviously be lowermost, and in the latter 
uppermost; a circumstance that leads to no intricacy of struc- 
ture when the carpels are distinct, but which may cause an 
exceedingly anomalous structure in syncarpous pistils, espe- 
cially when accompanied by other unusual modifications of 
structure. ‘There can be no doubt that the true nature of 
the composition of the pomegranate is to be explained upon 
this principle. In order to make these considerations more 
clear, let figs. 125, 126, and 127. represent — fig. 125. a convex 
receptacle, with distinct carpels; jig. 126. a concave one, with 
the same; and fig. 127. a concave one, with the carpels con- 
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solidated. In these, a a are the outer row of carpels, 4 6 the 
next, and d d the central row. The relative position of 
these, as the receptacle is convex or concave, will now be 
apparent. 
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I have stated that the placenta, however simple it may ap- 
pear to be, is really the result of the union of two united mar- 
gins of a carpellary leaf: it is, therefore, essentially double ; 
and, accordingly, we find that in polyspermous ovaries the 
ovules are almost always arranged in two rows, as in the Pea 
-and Bean, the Quince, the Paeony, &c.; nevertheless there 
are instances in which the placenteze occupy a considerable 
portion of the wall of the ovary, and bear the ovules in a 
great many rows, but in no certain order, as in Nympheea ; 
and, on the other hand, some plants have the placente so 
little developed, that not more than one ovule is generated 
between the two placente, as in Boragineze, Labiatee, Umbelli- 
ferze, Stellatae, Composite, and many others. ‘There can be 
no doubt, however, that a!l the latter cases are mere instances 
of suppressed structure, in consequence of the general incom- 
pleteness of developement. 

When two leaves are developed upon a stem, they are 
always opposite, and never side by side. As carpels are 
modified leaves, they necessarily obey this law; and, conse- 
quently, when a pair of carpels forms a bilocular ovarium, the 
separation of the two cells is directly across the axis of the 
flower. 

The partitions that are formed in ovaries, by the united 
sides of cohering carpels, and which separate the inside into 
cells, are called dissepiments or septa. It is extremely im- 
portant to bear in mind, not only that such is really their 
origin, but that they cannot possibly have any other origin, 
in order to form an exact idea of the structure of pistils. 
Now, as each dissepiment is thus formed of two united sides, 
it necessarily consists of two plates, which are, in the ovary 
state, often so completely united, that their double origin is 
undiscoverable, but which frequently separate in the ripe 
pericarp. ‘This happensin Rhododendron, Euphorbia, Pent- 
stemon, and a multitude of other plants. The consideration 
of this circumstance leads to certain laws which cannot be 
subject to exception, but which are of great importance; the 
principal of which are these :— 

1. All dissepiments are vertical and never horizontal. — For 
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és . wie , ia, bin fig. 128. represents the 
side of one carpel and c, d that 

of another, the dissepiment a, c, 

rake b, d formed by this union will 


have precisely the same direction 
as that of the carpels, and can 
never acquire any other; and 
¥ eee | 2 the same would be true of the 
sides e, f and g, h, if they formed themselves into dissepiments 
by uniting with other carpels: consequently a partition in any 
cell in the direction of 7, A could not be a dissepiment, but 
would be of a different nature. 


Ff sty ar They are uniformly equal in number 
to the carpels out of which the pistillum is 
/ * formed.— Suppose the triangle A, B, C 


represented a transverse section of an 
ovary formed by the union of three car- 
pels 0, 0, 0; then d, e, f would be the 
dissepiments, and could not be either 
more or less in number. 

3. They proceed directly from the pla- 
cente.— As the placenta is the margin 
of the carpellary leaf, and as the dissepiment is the side of the 
carpellary leaf, it is evident that a dissepiment cannot exist 
apart from the placenta. Hence, when any partition exists in 
an ovary and is not connected with the placenta, it follows 
that such a partition is not a dissepiment, however much it 
may otherwise resemble one. 


4. They are alternate with placente, formed by the cohesion 
130 


7 d p of the margins of the same carpel, and op- 
posite to placente, formed by the cohesion 
/ of the contiguous margins of different car- 
>», pels.— Let the triangle A, B, C repre- 
° fe sent a transverse section of a three-celled 
U 


ovary of which d, e, f are the dissepi- 
ments: the dissepiments d and e will 
alternate with the placentze m, g, both 
belonging to the carpel A; but the dis- 
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sepiment d will be opposite the placentae m, 7, formed by the 
cohesion of the contiguous margins of the carpels A and B. 

5. A single carpel can have no dissepiment whatever. 

6. The dissepiment will always alternate with the stigma ; — 

for the stigma is the extremity of the midrib of the carpellary 
leaf, or of the dorsal suture of the carpel; and the sides of 
either of these (which form dissepiments) will be right and 
left of the stigma, or in the same position with regard to the 
latter organ as the sides of the lamina of a leaf to its apex. 
Let the triangle, a, b, c, represent a 131 
transverse section of a three-celled® d © 
ovary, of which d, e, fare the dissepi- 
ments. ‘The stigmas would occupy a 
position equal to that of the spaces 
S, S, s, and would consequently be al- 
ternate with d, e, f, the dissepiments : 
they could not possibly be placed 
opposite d, e, f; upon any principle of 
structure with which we are acquainted. (8) 
This law proves, that neither the membrane which separates 
the two cells of a Cruciferous siliqua, nor the vertical plate 
that divides the ovary of Astragalus into two equal portions, 
are dissepiments; both are expansions of the placenta, or of 
some other part, in different degrees. 

Such is the structure of an ovary in its most common state ; 
certain deviations from it remain to be explained. We have 
seen that when carpels become syncarpous, they form a pistil, 
the ovary of which has as many cells and dissepiments as there 
are carpels employed in its construction. But sometimes the 
united sides of the carpels do not project so far into the cavity 
of the ovary as to meet in the axis, as in the Poppy; and then 
the result is an ovary, which, although composed of many car- 
pels, is nevertheless one-celled (jig.134.). In such case the 
dissepiments project a short distance only beyond the inner 
lining, or pares, of the ovary, and, bearing on their edges the 
placentze, the latter are said to be parietal. — In other plants, 
such as Corydalis, Viola, and Orchis, the carpels are not 
folded together at all, but are spread open and united by their 
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edges (fig. 133.): in that case the placente do not project 
at all into the cavity of the ovary, but are still more strictly 
parietal than the last. 


132 133 


Another class of anomalies of a still more remarkable cha- 
racter, is that in which the dissepiments are obliterated, while 
the placentee remain a distinct mass in the centre of the 
ovary, as in Lychnis; forming what is called a free central 
placenta (fig. 132.). But, if we examine these plants at a very 
early period of their formation, long before the flowers expand, 
the explanation of the anomaly will be obvious. Such plants 
are, at that time, constructed upon the ordinary plan, with 
their dissepiments meeting in the centre and forming there a 
fungous placenta; but subsequently the shell of the ovary 
grows more rapidly than the dissepiments, and breaks away 
from them ; while the excessive growth of the placenta after- 
wards destroys almost all trace of them: their previous pre- 
sence is only to be detected by lines upon the shell of the 
ovary, or by a separation of the mass of ovules into distinct 
parcels upon the placenta. 

All partitions whose position is at variance with the fore- 
going laws are spurious. . Such spurious dissepiments are 
caused by many circumstances, the chief of which are the 
following : — they are caused by expansions of the placenta, 
as in Cruciferze, when they form a partition stretching from 
one side to the other of the fruit; or they are mere dilatations 
of the lining of the pericarp, as in Cathartocarpus Fistula, in 
which they are horizontal; or they are internal expansions of 
the dorsal or ventral suture, as in Amelanchier, Astragalus, 
and ‘Thespesia, in which they are distinguishable from their 
dissepiments by not bearing the placentae, and by being op- 
posite the stigma, or by projecting beyond the placente ; or, 
finally, they are caused by the sides of the ovary projecting 
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into the cavity, uniting and forming many supernumerary 
cells, as in Diplophractum. 


11. Of the Receptacle. 


The part upon which the carpels are seated is the apex of 
the peduncle, or the summit of the floral branch, of which the 
carpels are the termination. Usually this part, which is called 
the receptacle, is flat, or merely a vanishing point; but in 
other cases it is very much dilated, and then assumes a variety 
of curious appearances. ‘This receptacle is called torus, or 
thalamus as well as receptaculum, and, in Greek compounds, 
has the name of clinium. 

In Annonacez and Magnoliacee it elevates itself from the 
base of the calyx, and bears the numerous stamens peculiar 
to these orders: here it is called Gonophore (Gonophorum) by 
De Candolle. In Caryophylleze the receptacle is elongated, 
and bears on its summit the petals and stamens: De Candolle 
calls this form Anthophore (Anthophorum). When it is suc- 
culent and much dilated, so as to resemble the receptacle of a 
Composita, bearing at the same time many ovaries, as in the 
Strawberry and Raspberry, Richard calls it Polyphore : most 
commonly such a receptacle is sufficiently described by the 
adjective fleshy. If only a single row of carpels developes 
upon such a receptacle, as in Ochna, and there is an oblique 
inclination of the carpels towards the axis of the flower, we 
have the Gynobase (Plate V. fig.3.a); in the Geranium this 
part is remarkable for being lengthened into a tapering 
woody cone to which the styles adhere in the form of a beak. 
In Nelumbium it is excavated into a number of cavities, in 
which the ovaries are half hidden. It may be conjectured 
that the receptacle is in reality the growing point of the 
flower bud, and that itis analogous to the spongy head of the 
spadix in Arum, and to the hard spines of the Black-thorn. 


12. Of the Ovule. 


The Ovule (Plate V. fig. 16. to 26.) is a small, semipel- 
lucid, pulpy body, borne by the placenta, and gradually chan- 
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ging into a seed. Its internal structure is exceedingly difficult 
to determine, either in consequence of its minuteness, or of 
the extreme delicacy of its parts, which are easily torn and 
crushed by the dissecting knife. It is doubtless owing to this 
circumstance chiefly, that the anatomy of the ovule was almost 
unknown to botanists of the last century, and that it has only 
begun to be understood within ten or twelve years, during 
which it has received ample illustration from several skilful 
observers. Brown, indeed, claims to have pointed out its real 
nature so long ago as 1814; but the brief and incomplete 
terms then used by that gentleman, in the midst of a long 
description of a single species, in the Appendix to Captain 
Flindes’s Voyage, unaccompanied as they were by any ex- 
planatory remarks, prove indeed that he knew something 
of the subject, but by no means entitle him to the credit of 
having, at that time, made the world acquainted with it. The 
late Mr. Thomas Smith seems to deserve the honour of having 
first made any general remarks upon the subject: of what 
extent they exactly were is not known, as his discoveries, in 
1818; were communicated, as it would seem, in conversation 
only; but it is to be collected from Brown’s statement that 
they were of a highly important nature. Since that period 
the structure of the ovule has received much attention from 
Brown, in England; ‘Turpin and Adolphe Brongniart, in 
France; and Treviranus, in Germany; by all of whom the 
subject has been greatly illustrated. It is, however, to Mir- 
bel, — who, by collecting the discoveries of others, examining 
their accuracy, and combining them with numerous admirable 
observations of his own, has given a full account of the gra- 
dual development and the different modifications of the ovule, 
— that we are indebted for by far the best description of that 
important organ. His two papers read before the Academy 
of Sciences at Paris, in 1828 and 1829, are a perfect model 
of candour and patient investigation, and form the ‘basis of 
what is here about to be recorded on the subject. I regret, 
however, that the space which can now be devoted to the 
explanation of the structure of the ovule is by no means such as 
its intricacy and interest demand. 

As the ovules are the production of the placentee, they 
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necessarily originate in the margins of the carpellary leaf: and 
hence they have been compared to the buds found upon the 
margins of some true leaves, and may be shown to be actually 
analogous to them in structure. 

Of the truth of this there can now be little doubt; for, to 
say nothing of such plants as Bryophyllum, which habitually 
form buds on the margins of the leaves, or of Malaxis 
paludosa, in which the edge of the leaf is frosted by little 
miscroscopical points, that are neither exactly ovules nor 
exactly buds, or of the bracts of Marcgraavia, which 'Tur- 
- pin, with much ingenuity, has endeavoured by mere argu- 
mentation to prove analogous to the primine of the 
ovule, it has been shown by Henslow that in the Mignio- 
nette the ovules do actually become transformed into leaves, 
either solitary or rolled together round an axis, of which the 
nucleus is the termination. (Cambr. Phil. Trans. vol. v. 
part i.) Engelman also mentions and figures instances of 
similar changes; but he does not say in what plants, nor are 
his figures by any means satisfactory. He, however, concludes 
from the observations of himself and Schimper, that “ the 
ovules are buds of a higher order, their integuments leaves, and 
their stalk the axis, all which in cases of retrograde metamor- 
phosis are converted into stem and green leaves.” (De An- 
tholysi prodromus, § 44. 76. t. 5. f. 4, 5.) I should rather say 
that the evidence goes to prove that the ovule is a leaf-bud in 
a particular state, that the integuments are scales (7. e. rudi- 
mentary leaves) rolled up and united at their touching mar- 
gins, and that the nucleus is the growing point, to which I 
have already on so many different occasions directed attention. 

In almost all cases the ovule is enclosed within an ovary, 
as would necessarily happen in consequence of the convolute 
nature of the carpellary leaves: but if the convolution is im- 
perfect, as in Reseda, the ovules are partially naked; and if 
it does not exist at all, as in Cycadeze and Conifere, the 
ovules are then entirely naked, and, instead of being fertilised 
by matter conveyed through the stigma and the style, as 
in other plants, are exposed to the direct influence of the 
pollen. This was first noticed by Brown; and, although since 
contradicted, seems to be perfectly true. 
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When the ovules are attached to the placenta by a kind of 
cord, that cord is called the funiculus (Plate V. fig. 26. a), and 
is a mere prolongation of the placenta. 

In the beginning the ovule is a pulpy excrescence (Plate 
V. fig. 16.), appearing to be perfectly homogeneous, with no 
trace of perforation or of envelopes. But, as it advances in 
growth, it is gradually (Plate V. fig. 17 to 21.) enclosed in 
two sacs or integuments, which are open only at their apex, 
where, in both these sacs, a passage exists, called the foramen 
(Plate V. fig. 21. a); or, in the language of Mirbel, exostome 
(fig. 25. a), in the outer integument, and endostome (fig. 
25. 6), in the inner integument. ‘The central part is a 
fleshy, pointed, pulpy mass, called the nucleus, or nucelle 
(Plate V. fig. 19, 20. a, 22. b, 23. c, 24. d, 25. e, 27. e). 

The outermost of the sacs (Plate V. fig. 22. c, 23. a, 25. c) 
is called the primine. It is either merely a cellular coating, 
or it is traversed by numerous veins or bundles of tubes, 
these are sometimes very apparent, as in the Orange tribes, 
and Mirbel seems disposed to think that they often exist in a 
rudimentary state when they are not visible. Usually it is 
nearly as long as the secundine, but sometimes it is remark- 
ably shorter, as in the Euphorbia Lathyris when very young 
(Plate V. fig. 22.). 

The outermost but one of the sacs (Plate V. fig. 23. 8, 
20. b, 25. d) is called the secundine ; it immediately reposes 
upon the primine, and often contracts an adhesion with it, 
so that the two integuments become confounded. In order to 
ascertain its existence, it is, therefore, often necessary to 
examine the ovule at a very early period of its growth. It 
is probable that it always exists; but Myrica, Alnus, Corylus, 
Quercus, and Juglans have been named by Mirbel as plants 
in which the secundine is not perceptible (Plate V. fig. 24.). 
Its point is usually protruded beyond the foramen of the 
primine. 

The nucleus (Plate V. fig. 22. 6, 18, 19, 20. a, 24. d, 25. e) 
is a pulpy conical mass, enclosed by the primine and secun- 
dine, and often covered by them; but frequently protruded 
beyond the latter, and afterwards, at a subsequent period of 
its growth, again covered by them. Sometimes its cuticle 
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separates in the form of a third coating of the ovule called the 
tercine. 

These three parts, the primine, the secundine, and the 
nucleus, have all an organic connection at some one point of 
their surface. ‘That point is, in ovules whose parts do not 
undergo any alteration of direction in the course of their 
growth, at the base next the placenta; so that the nucleus is 
like a cone, growing from the base of a cup, the base of which 
is connected with the hilum through another cup like 
itself (Plate V. fig. 23.). The axis of such an ovule which 
Mirbel calls orthotropous, is rectilinear, as in Myrica, Cistus, 
Urtica, &ec.; and the foramen is at the end of the ovule most 
remote from the hilum. 

But sometimes, while the base of the nucleus and that of 
the outer sacs continue contiguous to the hilum, the axis of 
the ovule, instead of remaining rectilinear, is curved down 
upon itself (Plate V. fig. 26, 27.); so that the foramen, in- 
stead of being at the extremity of the ovule most remote from 
the hilum, is brought almost into contact withit. Examples 
of this are found in Papilionaceous plants, Caryophyllous 
plants, Mignionette, &c. Mirbel, who first distinguished these, 
calls them campulitropous. In both these modifications the base 
of the ovule and the base of the nucleus are the same. 

In a third class the axis of the ovule remains rectilinear ; 
but one of the sides grows rapidly, while the opposite side 
does not grow at all, so that the point of the ovule is gradually 
pushed round to the base; while the base of the nucleus is 
removed from the hilum to the opposite extremity (Plate V. 
fig. 16 —21.); and when this process is completed the whole of 
the inside of the ovule is reversed; so that the apex of the 
nucleus, and consequently the foramen, corresponds with the 
base of the ovule. Such ovules as these Mirbel terms ana- 
tropous; they are very common: examples may be found in 
the Almond, the Apple, the Ranunculus, the cucumber, &e. 
When the base of the nucleus is thus removed from the base 
of the ovule, a communication between the two is always 
maintained by means of a vascular cord, called the raphe 
(Plate V. fig. 24. e, 25. f). This raphe, which originates 


in the placenta, runs up one side of the ovule, until it reaches 
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the base of the nucleus; and there it expands into a sort of 
vascular disk, which is called the chalaza (Plate V. fig. 24. 
fp 25. g). As the chalaza is uniformly at the base of the 
nucleus, it will follow that, in Orthotropous and Campulitro- 
pous ovules it is confounded with the hilum ; while it is only 
distinguished in Anatropous ones, in which alone it is dis- 
tinctly to be recognised. | 

It has been remarked that the raphe or vascular extension 
of the placenta always occupies the side next the ventral 
suture of the ovary; and that when, as in Euonymus, it is 
turned towards the dorsal suture, that circumstance arises 
from an alteration in the position of the ovule subsequent to 
its being fertilised. 

It has also been stated that the passage through the 
primine and secundine is called the foramen; or the exos- 
tome, when speaking of that of the primine; and the endos- 
tome, in speaking of the secundine. Upon these Mirbel 
remarks, —“ "These two orifices are at first very minute, but 
they gradually enlarge ; and, when they have arrived at the 
maximum of dilatation they can attain, they contract and 
close up. ‘This maximum of dilatation is so considerable in a 
great number of species, in proportion to the size of the 
ovule, that, to give an exact idea of it, I would compare it 
not to a hole, as those express themselves who have hitherto 
spoken of the exostome and endostome, but to the mouth of 
a goblet or of a cup.. It may therefore be easily understood, 
that, to perceive either the secundine or the nucleus, it is uot 
necessary to have recourse to anatomy. I have often seen, 
most distinctly, the primine and secundine forming two large 
cups, one of which encompassed the other without entirely 
covering it, and the nucleus extending itself in the form of 
an elongated cone beyond the secundine, to the bottom of 
which its base was fixed.” 

In practical botany the detection of the foramen is often a 
matter of great importance; for it enables an observer to 
judge from the ovule of the direction of the radicle of the 
future embryo: it having been ascertained by many observ- 
ations that the radicle of the embryo is almost always pointed 
to the foramen. A partial exception to this law exists, how- 
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ever, in Euphorbiaceze, in many of which Mirbel has 
noticed that, after fertilisation, the axis of the nucleus and the 
endostome is inclined five or six degrees, without the exos- 
tome changing its position ; by this circumstance the foramen 
of the secundine and that of the primine cease to correspond, 
and the radicle, instead of pointing when formed to the exos- 
tome, is directed to a point a short distance on one side of it. 

Besides the two external integuments, Mirbel has re- 
marked the occasional presence of three others peculiar to 
the nucleus, which he calls the ¢ercine, quartine, and quintine. 

The former is the external coat of the nucleus, and is very 
generally, if not universally, present. As I am almost unac- 
quainted either with it or the two latter, I can add nothing to 
the following remarks of Mirbel upon the subject :—‘ The 
quartine and quintine are productions slower to show them- 
selves than the preceding. ‘The quartine is not very rare, 
although no one has previously indicated it; as to the quin- 
tine, which is the vesicula amnios of Malpighi, the additional 
membrane of Brown, and the sac of the embryo of Adolphe 
Brongniart, I am far from thinking that it only exists in a 
small number of species, as Brown seems to suppose. If no 
one has noticed the quartine, it is, no doubt, because it has 
been confounded with the tercine ; nevertheless these two en- 
velopes differ essentially in their origin and mode of growth. 
I have only discovered the quartine in ovules of which the 
tercine is incorporated at an early period with the secundine ; 
and I think that it is only in such cases that it exists. At its 
first appearance it forms a cellular plate, which lines all the 
internal surface of the wall of the cavity of the ovule; at a 
later period it separates from the wall, and only adheres to 
the summit of the cavity: at this period it is a sac, or rather 
a perfectly close vesicle. ‘Sometimes it rests finally in this 
state, as in Statice; in other cases it fills with cellular tissue, 
and becomes a pulpy mass; under this aspect it is seen in 
Tulipa gesneriana. All this is the reverse of what takes place 
in the tercine; for this third envelope always begins by being 
a mass of cellular tissue, (and at that time it has the name, as 
we have seen, of nucleus,) and generally finishes by becoming 
a vesicle. 
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«¢ T have remarked the fifth envelope, or quintine, in many 
species; its general characters are such as to prevent its being 
mistaken. Its complete development takes place only in a 
nucleus which remains full of cellular tissue, or in a quartine 
that has filled with the same. At the centre of the tissue is 
organised, as in a womb, the first rudiment of the quintine ; 
it is a sort of delicate intestine, which holds by one end to the 
summit of the nucleus, and by the other end to the chalaza: 
The quintine swells from top to bottom; it forces back on all 
sides the tissue that surrounds it, and it often even invades the 
place occupied by the quartine or the nucleus. A very 
delicate thread, the suspensor, descends from the summit of 
the ovule into the quintine, and bears at its extremity a 
globule which is the nascent embryo.” 

It is apparently this quintine that Brown describes, in 
the ovule of the Orchis tribe, as a thread consisting of a 
simple series of short cells, the lowermost joint or cell of 
which is probably the original state of what afterwards, from 
enlargement and deposit of granular matter, becomes the 
opaque speck, or rudiment of the future embryo. (Odbserv. 
on the Organs, &c. of Orch. and Asclepiad. pp. 18, 19.) 

‘The existence,” continues Mirbel, “of a cavity in the 
quartine, or, indeed, the destruction of the internal tissue of 
the nucleus, at the period when the quintine developes, 
becomes the cause of some modifications in the manner. of 
existence of this latter integument. The quintine is never 
seen, in certain Cucurbitaceze, adhering to the chalaza: it is 
nevertheless evident that the adhesion has existed. The 
quintine, distended at its upper part, and suspended like a 
lustre from the top of the cavity, still presents at its lower end 
a portion of a rudimentary intestine become distinct; the 
separation occurred very early, in consequence of the tearing 
of the tissue of the nucleus. 

‘‘ The quintine of Statice is reduced to a sort of cellular 
placenta, to the lower surface of which the embryo is attached. 
This abortion of the quintine arises from the quartine having 
a large internal cavity, which prevents the young quintine 
from placing itself in communication with the chalaza, and 
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taking that development which it acquires in a multitude of 
other species.” 

The fluid matter contained within the nucleus is called the 
liquor amnios, and is supposed to be what nourishes the 
embryo during its growth. 

When an ovule grows erect from the base of the ovary, it is 
called erect ; when from a little above the base, ascending ; 
when it hangs from the ‘summit of the cavity, it is pendulous ; 
and when from a little below the summit, it is saspended. 


13. Of the Fruit. 
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The fruit is the ovary or pistil arrived at maturity; but, 
although this is the sense in which the term is strictly applied, 
yet in practice it is extended to whatever is combined with 
the ovary when ripe. Thus the pine-apple fruit consists of 
amass of bracts, calyxes, corollas, and ovaries; that of the 
nut, the acorn, and many others, of the superior dry calyx 
and ovary; that of the apple of a succulent superior calyx, 
corolla, and ovary; and that of the strawberry-blite of a 
succulent inferior calyx and dry ovary. 

The fruit being the matured ovary, it should exhibit 
upon some part of its surface the traces of a style or stigma; 
and this mark will, in many cases, enable the student to dis- 
tinguish minute fruits from seeds. Many fruits were formerly 
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called naked seeds, such as those of Umbelliferze, Labiatee, 
and Boragineze, and the grain of corn; but, now that atten- 
tion has been paid to the gradual development of organs, 
such errors have been corrected. In cases where a trace of 
the style cannot be discovered, anatomy will generally show 
whether a minute body is a seed or fruit, by the presence, in 
the latter case, of two separable and obviously organically 
distinct coatings to the nucleus of the seed; but in other 
cases, where the pericarp and the integuments of the seeds 
are combined in a single covering, and where no trace of 
style remains, as sometimes happens, nothing can be deter- 
mined as to the exact nature of a given body without follow- 
ing it back in its growth to its young state. ‘This, however, 
may be stated, that naked seeds, properly so called, are not 
known to exist in more than three or four orders in the 
whole vegetable kingdom; viz. in Coniferee and Cycadee, 
where the ovules also are naked, and in Peliosanthes Teta 
and Leontice, in which the ovules, originally enclosed in an 
ovary, rupture it at an early period after fertilisation, and 
subsequently continue naked until they become seeds. 

Such being the case, it follows that all the laws of structure 
which exist in the ovary are equally to be expected in the 
fruit; and this fact renders a repetition in this place of the 
general laws of formation unnecessary. Nevertheless, as, in 
the course of the advance of the ovary to maturity, many 
changes often occur which contribute to conceal the real 
structure of the fruit, it is in all cases advisable, and in many 
absolutely necessary, to examine the ovary, in order to be 
certain of the exact construction of the fruit itself. ‘These 
changes are caused by the abortion, non-development, obli- 
teration, addition, or union of parts. Thus the three-celled 
six-ovuled ovary of the oak and the hazel becomes, by the 
non-development of two cells and five ovules, a fruit with one 
seed; the three-celled ovary of the cocoa-nut is converted 
into a one-celled fruit by the obliteration of two cells and their 
ovules; and the two-celled ovary of some Pedalineze becomes 
many-celled by a division and elongation of the placente. 

In a very early state the ovary of the Lychnis and of the 
primrose consists of five cells, each with a placenta having a 
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number of ovules: by degrees the dissepiments are ruptured 
and obliterated by the rapid growth of the shell of the 
ovary; and it finally becomes a fruit with only one cell, and 
a large fungous placenta in the middle. In Cathartocarpus 
fistula a one-celled ovary changes into a fruit having each 
of its many seeds lodged in a separate cell, in consequence of 
the formation of numerous horizontal membranes which in- 
tercept the seeds. A still more extraordinary confusion of 
parts takes place in the fruit of the pomegranate after the 
ovary is fertilised; and many other cases might be men- 
tioned. 

Every fruit consists of two principal parts, the pericarp 
and the seed, the latter being contained within the former. 
When the ovary is inferior, or coheres with the calyx, the 
latter and the pericarp are usually so completely united 
as to be inseparable and undistinguishable: in such cases it 
is usual to speak of the pericarp without reference to the 
calyx, as if no such union had taken place. Botanists call a 
fruit, the pericarp of which adheres to the calyx, an infe- 
rior fruit (fructus inferus) ; and that which does not adhere to 
the calyx, a superior fruit (fructus superus). But Desvaux 
has coined other words to express these ideas: a superior 
fruit he calls autocarpien ; an inferior fruit, heterocarpien ; terms 
wholly unnecessary and unworthy of adoption. 

Every thing which in a ripe fruit is on the outside of the 
real integuments of the seeds belongs to the pericarp. It 
consists of three different parts, the epicarp, the sarcocarp, and 
the endocarp; terms contrived by Richard, and useful in 
practice. 

The epicarp is the external integument or skin; the endo- 
carp, called putamen by Geertner, the inner coat or shell; 
and the sarcocarp, the intermediate flesh. ‘Thus, in the peach, 
the separable skin is the epicarp, the pulpy flesh the sarco- 
carp, and the stone the endocarp or putamen. In the apple 
and pear the epicarp is formed by the cuticle of the calyx, 
and the sarcocarp is confluent with the remainder of the 
calyx in one fleshy body. 

The pericarp is extremely diversified in size and texture, 
varying from the dimension of a single line in length to the 
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magnitude of two feet in diameter; and from the texture of a 
delicate membrane to the coarse fabric of wood itself, through 
various cartilaginous, coriaceous, bony, spongy, succulent, or 
fibrous gradations. 

The dase of the pericarp is the part where it unites with 
the peduncle; its apex is where the style was: hence the 
organic and apparent apices of the fruit are often very dif- 
ferent, especially in such as have the style growing from 
their sides, as in Rosaceze and Chrysobalaneze, Labiatee and 
Boraginee. 

When a fruit-has arrived at maturity its pericarp either con- 
tinues perfectly closed, when it is indehiscent, as in the hazel- 
nut, or separates regularly round its axis, either wholly or 
partially, into several pieces: the separation is called dehis- 
cence, and such pieces valves; and the axis from which the 
valves separate, in those cases where there is a distinct axis, is 
called the columella. 

When the dehiscence takes place through the dissepiments 
it is said to be septicidal ; when through the back of the cells 
it is called loculicidal; if along the inner edge of a simple 
fruit it is called swtural; if the dissepiments are separated 
from the valves the dehiscence is named septifragal. 

In septicidal dehiscence the dissepiments 168 
divide into two plates and form the sides of ios fie 
each valve, as in Rhododendron, Menziesia, 

&c. Formerly botanists said that in this sort d_g a 
of dehiscence the valves were alternate with yj 4 
the dissepiments, or that the valves had é 
their margins turned inwards. This may v 

be understood from jig. 168., which represents the relative 
position of parts in a transverse section of a fruit with septi- 
cidal dehiscence; v being the valves, d the dissepiments, and 
a the axis. 

In loculicidal dehiscence the dissepiments * iss 
form the middle of each valve, as in the lilac, Os 
or in the diagram 169., where the letters 
have the same value as above. In this it a 
was formerly said that the dissepiments were Q d “ 


opposite the valves. 
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In septifragal dehiscence the dissepiments v 
adhere to the axis and separate from the 
valves, as in Convolvulus; or in the dia- 
gram 170., lettered as before. 

In sutural dehiscence there are no disse- \ @~ 
piments, the fruit being composed of only ” zB 
one carpel, as the pea. 

Besides these regular forms of valvular dehiscence, there is 
a mode which obtains in a very few plants, called circumscissile. 
This occurs by a transverse circular separation, as in Ana- 
gallis; in Jeffersonia it only takes place half round the fruit. 

Valvular dehiscence, which is by far the most common 
mode by which pericarps open, must not be confounded with 
elther rupturing or solubility, —irregular and unusual con- 
trivances of nature for facilitating the dispersion of seeds. In 
valvular dehiscence the openings have a certain reference to 
the cells, as has been already shown; but neither rupturing 
nor solubility bear any distinct relation to the cells. Rup- 
turing consists in a spontaneous contraction of a portion of the 
pericarp, by which its texture is broken through, and holes 
formed, as in Antirrhinum and Campanula. Solubility arises 
from the presence of certain transverse contractions of a one- 
celled pericarp, through which it finally separates into several 
closed portions, as in Ornithopus. 

For the nature of the placenta and umbilical cord see the 
observations under ovary. These parts, which are mere 
modifications of each other, essentially appertain to the peri- 
carp, in which the former often acquires a spongy dilated sub- 
stance, occasionally dividing the cells by spurious dissepi- 
ments, and often giving to the fruit an appearance much at 
variance with its true nature. In some seeds, as Euonymus 
Europzeus, it becomes exceedingly dilated around each seed, 
forming an additional envelope, called aril. ‘The true charac- 
ter of this organ was unknown till it was settled by Richard: 
before his time the term was applied, not only in its true sense 
to an enlargement of the placenta, but also to the endocarp of 
certain Rubiaceze and Rutacee, to the seed coat of Jasminum, 
Orchideze, and others, and even to the perianth of Carex. A 
very remarkable instance of thearil is to be foundin thenutmeg, 
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in which it forms the part called the mace surrounding the seed. 
It is never developed until after the fertilisation of the ovule. 

Having thus explained the structure of the pericarp, it is in 
the next place necessary to enquire into the nature of its 
modifications, which in systematic botany are of considerable 
importance. It is, on the one hand, very much to be regretted 
that the terms employed in this department of the science, 
which is that of Carpology, have been often used so vaguely 
as to have no exact meaning; while, on the other hand, they 
have been so exceedingly multiplied by various writers, that 
the language of carpology is a mere chaos. In _ practice 
but a small number of terms is actually employed; but it can- 
not be doubted that, if it were not for the inconvenience of 
overburdening the science with words, it would conduce very 
much to clearness of description if botanists would agree to 
make use of some very precise and uniform nomenclature. 

What, for instance, can be more embarrassing than to find 
the term nut applied to the superior plurilocular pericarp of 
Verbena, the gland of Corylus, and the achenia of Rosa and 
Borago; and that of berry to the fleshy envelope of ‘Taxus, the 
polyspermous inferior fruit of Ribes, the succulent calyx of 
Blitum, and several other things ? 

So much discordance, indeed, exists in the application of 
terms expressive of the modifications of fruit, that it is quite 
indispensable to give the definitions of some of the most emi- 
nent writers upon the subject in their own words, in order 
that the meaning attached by those authors to carpological 
terms, when employed by themselves, may be clearly undertood, 

In the phraseology of writers antecedent to Linneus, the fol- 
lowing are the only terms of this description employed ; viz.— 

1. Bacca, a berry: any fleshy fruit. 

2. Acinus,abunch of fleshy fruit: especially a bunch of grapes. 

3. Cachrys, a cone: as of the pine tree. 

4. Pilula, a cone like the Galbulus of modern botanists. 

5. Folliculus (Fuchs), any kind of capsule. 

6. Grossus, the fruit of the fig unripe. 

7. Siliqua, the coating of any fruit. 

In his “ Philosophia Botanica” Linnaxvus gives the follow 
ing definitions of the terms he employs :— 
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1. Capsula, hollow, and dehiscing in a determinate manner. 

2. Siliqua, two-valved, with the seeds attached to both sutures. 

3. Legumen, two-valved, with the seeds attached to one 
suture only. 

4. Conceptaculum, one-valved, opening longitudinally on one 
side, and distinct from the seeds. 

5. Drupa, fleshy, without valves, containing a nut. 

6. Pomum, fleshy without valves, containing a capsule. 

7. Bacca, fleshy without valves, containing naked seeds. 

8. Strobilus, an amentum converted into a pericarp. 

G#RTNER has the following, with definitions annexed to 
them :— 

1. Capsula, a dry, membranous, coriaceous, or woody peri- 
carp, sometimes valveless, but more commonly dehiscing 
with valves. Its varieties are, — 

a. Utriculus, an unilocular one-seeded capsule, very thin 
and transparent, and constantly valvular; as in Che- 
nopodium, Atriplex, Adonis. 

b. Samara, an indehiscent, winged, one or two-celled cap- 
sule; as Ulmus, Acer, Liriodendron. 

ce. Folliculus, a double one-celled, one-valved, membranous, 
coriaceous capsule, dehiscing on the inside, and either 
bearing the seed on each margin of its suture, or on a 
receptacle common to both margins; as Asclepias, Cin- 
chona, and Vinca. 

2. Nuz, ahard pericarp, either indehiscent or never divid- 
ing into more than two valves; as in Nelumbium, Boraginee, 
and Anacardium. 

3. Coccum, a pericarp of dry elastic pieces or coccules, as in 
Diosma, Dictamnus, Euphorbia. 

4, Drupa, an indehiscent pericarp with a variable rind, very 
different in substance from the putamen, which is bony, as in 
Lantana, Cocos, Sparganium, Gaura, &c. 

5. Bacca, any soft pericarp, whether succulent or other- 
wise; provided it does not dehisce into regular valves, nor 
contain a single stone adhering to it. Of this the following 
are kinds : — 

a. Acinus, a soft, succulent, semi-transparent, unilocular 

berry, with one or two hard seeds; as the grape, 
Rivina, Rhipsalis, Rubus, Grossularia, &c. 
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b. Pomum, a succulent or fleshy, two- or many- celled 
berry, the dissepiments of which are fleshy or bony, 
and coherent at the axis; as Pyrus, Crateegus, Cydo- 
nia, Sapota, and others. 

c. Pepo, a fleshy berry with the seeds attached at a dis- 
tance from the axis upon the parietes of the pericarp; 
as Cucumis, Stratiotes, Passiflora, Vareca, and others. 

To the term bacca all other succulent fruits are referred 
which belong to neither Acinus, Pomum, nor Pepo; 
as Garcinia, Caryophyllus, Cucubalus, Hedera. 

6. Legumen, the fruit of Leguminosee. 

7. Siliqua and Silicula, the fruit of Cruciferee. 

WiLLpvENow defines those employed by him in the following 

manner: — 

1. Utriculus, a thin skin enclosing a single seed. Adonis, 
Galium, Amaranthus. i i 

_2. Samara, a pericarp containing one, or at most two seeds, 
and surrounded by a thin membrane, either along its whole 
circumference or at the point, or even at the side. Ulmus, 
Acer, Betula. 

3. Folliculus, an oblong pericarp, bursting longitudinally 
on one side, and filled with seeds. Vinca. 

A, Capsula, a pericarp, consisting of a thin coat containing 
many seeds, often divided into cells, and assuming various 
forms. Silene, Primula, Scrophularia, Euphorbia, Magnolia. 

5. Nuzx, a seed covered with a hard shell which does not 
burst. Corylus, Quercus, Cannabis. 

6. Drupa, a nut covered with a thick succulent or carti- 
laginous coat. Prunus, Cocos, Tetragonia, Juglans, Myris- 
tica, Sparganium. 

7. Bacca, a succulent fruit containing several seeds, and not 
dehiscing. It encloses the seeds without any determinate 
order, or it is divided by a thin membrane into cells. Ribes, 
Garcinia, Hedera, ‘Tilia. Rubus has a compound bacca. 

8. Pomum, a fleshy fruit that internally contains a capsule 
for the seed. It differs from the celled berry in having a 
perfect capsule in the heart. Pyrus. 

9. Pepo, a succulent fruit which has its seeds attached to 
the inner surface of the rind. Cucumis, Passiflora, Stratiotes. 

10. Siliqua, a dry elongated pericarp, consisting of two 
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halves held together by a common permanent suture. Cru- 
ciferee. Silicula is a small form of the same. 

11. Legumen, a dry elongated pericarp, consisting of two 
halves or valves externally forming two sutures. Legu- 
minosee. 

12. Lomentum, a legumen divided internally by spurious 
dissepiments, not dehiscing longitudinally, but either remain- 
ing always closed, as Cassia Fistula, or separating into pieces 
at transverse contractions along its length, as Ornithopus. 

The following are enumerated as spurious fruits. 

13. Strobilus, an Amentum the scales of which have be- 
come woody. Pinus. 

14. Spurious capsule. Fagus, Rumex, Carex. 

15. Spurious nut. ‘Trapa, Coix, Mirabilis. 

16. Spurious drupe. ‘Taxus, Anacardium, Semecarpus. 

17. Spurious bacca. Juniperus, Fragaria, Basella. 

By this author the names of fruits are, perhaps, more loosely 
and inaccurately applied than by any other. 

Link objects to applying particular names to variations in 
anatomical structure; observing, “ that botanists have strayed 
far from the right road in distinguishing these terms by cha- 
racters which are precise and difficult to seize. ‘Terms are 
only applied to distinct parts, as the leaf, peduncle, calyx, and 
stamens, and not to modifications of them. Who has ever 
thought of giving a distinct name to a labiate or papilionaceous 
corolla, or who to a pinnated leaf?” But this sort of reason- 
ing is of little value if it is considered that the fruit is subject 
to infinitely greater diversity of structure than any other organ, 
and that names for these modifications have become necessary, 
for the sake of avoiding a minute explanation of the complex 
differences upon which they depend. Besides, to admit, as 
Link actually does, such names as capsula, &c. is abandoning 
the argument; and when the following definitions, which this 
learned botanist has proposed, are considered, I think that 
little doubt need exist as to whether terms should be employed 
in the manner recommended by himself, or with the minute 
accuracy of the French. According to Professor Link, the 
following are the limits of Carpological nomenclature : — 

1. Capsula, any dry membranous or coriaceous pericarp. 

Oo 
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2. Capsella, the same, if small and one-seeded. 

3. Nux, externally hard. 

4, Nucula, externally hard, small, and one-seeded. 

5. Drupa, externally soft, internally hard. 

6. Pomum, fleshy or succulent, and large. 

7. Bacca, fleshy or succulent, and small. 

8. Bacea sicca, fleshy when unripe, dry when ripe, and 
then distinguishable from the capsule by not being brown. 

9. Legumen, 

10. Silqua, 

11. Amphispermium, a pericarpium which is of the same 
figure as the seed it contains. 

In more recent times there have been three principal 
attempts at classing and naming the different modifications of 
fruit; namely, those of Richard, Mirbel, and Desvaux. These 
writers have all distinguished a considerable number of yaria- 
tions, of which it is important to be aware for some purposes, 
although their nomenclature is not much employed in practice. 
But, in proportion as the utility of a classification of fruit con- 
sists in its theoretical explanation of structure rather than in 
a strict applicability to practice, it becomes important that it 
should be founded upon characters which are connected with 
internal and physiological distinctions rather than with external 
and arbitrary forms. Viewing the subject thus, it is not to be 
concealed that, notwithstanding the undoubted experience and 
talent of the writers just mentioned, their carpological systems 
are essentially defective. Besides this, each of the three writers 
has felt himself justified in contriving a nomenclature at vari- 
ance with that of his predecessors, for reasons which it is diffi- 
cult to comprehend. 

If a complete carpological nomenclature is to be established, 
it ought to be carried farther than has yet been done, and to 
depend upon principles of a more strictly theoretical charac- 
ter. I have accordingly ventured to propose a new arrange- 
ment, in which an attempt has been made to adjust the syno- 
nyms of carpological writers, and in which the names that 
seem to be most legitimate are retained in every case, their 
definitions only being altered; previously to which I shall 
briefly explain the methods of Richard, Mirbel, and Desvaux. 


\ the pericarps of certain natural orders. 
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or 
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THe ARRANGEMENT OF RICHARD. 


Class 1. Simple fruits. 
§ 1. Dry. 
* Indehiscent. 
* * Dehiscent. 
§ 2. Fleshy. 
Class 2. Multiplied fruits. 
Class 3. Aggregate or compound fruits. 


THe ARRANGEMENT OF MIRBEL. 


Class 1. Gymnocarpiens. Fruit not disguised by the adher- 
ence of any other organ than the calyx. 

Ord. 1. Carcerulaires. Pericarpium indehiscent, but 
sometimes with apparent sutures, generally dry, su- 
perior, or inferior, mostly unilocular and monosper- 
mous, sometimes plurilocular and polyspermous. 

Ord. 2. Capsuiaires. Pericarpium dry, superior, or 
inferior, opening by valves, but never separating 
into distinct pieces or cocci. 

Ord. 3. Dieresiiiens. Pericarpium superior or inferior, 
dry, regular, and monocephalous (that is, having 
one common style), composed of several distinct 
pieces arranged systematically round a central real 
or imaginary axis, and separating at maturity. 

Ord. 4. Etairtonaires. Pericarps several, irregular, 
superior, one or many-seeded, with a suture at 
the back. 

Ord. 5. Cenobionaires. A regular fruit divided to the 
base into several acephalous pericarpia; that is to 
say, not marked on the summit by the stigmatic scar, 
the style having been inserted at their base. 

Ord. 6. Drupacées. Pericarpium indehiscent, fleshy 
externally, bony internally. 

Ord. 7. Bacciens. Succulent, many-seeded. 

Class 2. Angiocarpiens. Fruit seated in envelopes not form- 
ing part of the calyx. 
0 2 
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THe ARRANGEMENT OF DESVAUX. 


Class 1. Pericarpium dry. 
Ord. 1. Simple fruits. 
§ Indehiscent. 
§ § Dehiscent. 
Ord. 2. Dry compound fruits. 
Class 2. Pericarpium fleshy. 
Ord. 1. Simple fruits. 
Ord. 2. Compound fruits. 


In explanation of the principles upon which the classifica- 
tion of fruit which I now venture to propose is founded, it 
will of course be expected that I should offer some observ- 
ations. In the first place, I have made it depend primarily 
upon the structure of the ovary, by which the fruit is of neces- 
sity influenced in a greater degree than by any thing else, the 
fruit itself being only the ovary matured. In using the terms 
simple and compound, I have employed them precisely in the 
sense that has been attributed to them in my remarks upon 
the ovary; being of opinion that, in an arrangement like the 
following and those which have preceded it, in which theoreti- 
cal rather than practical purposes are to be served, the princi- 
ples on which it depends should be conformable to the strictest 
theoretical rules of structure. A consideration of the fruit 
without reference to the ovary necessarily induces a degree of 
uncertainty as to the real nature of the fruit; the abortion and 
obliteration, to which almost every part of it is more or less 
subject, often disguising it to such a degree that the most 
acute carpologist would be unable to determine its true struc- 
ture from an examination of it in aripe state only. In simple 
fruits are stationed those forms in which the ovaries are multi- 
plied so as to resemble a compound fruit in every respect 
except their cohesion, they remaining simple. But, as the 
passage which is thus formed from simple to compound fruits 
is deviated from materially when the ovaries are placed in 
more than a single series, I have found it advisable to consti- 
tute a particular class of such under the name of aggregate 
fruit. Care must be taken not to confound these with the 
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fourth class containing collective fruits, as has been done by 
more carpologists than one. While the true aggregate fruit 
is produced by the ovaries of a single flower, a collective 
fruit, if aggregate, is produced by the ovaries of many flowers ; 
a most important difference. As the pericarp is necessarily 
much affected by the calyx when the two adhere so as to form 
a single body, it is indispensable, if a clear idea is to be 
attached to the genera of carpology, that inferior or superior 
fruits should not be confounded under the same name: for 
this reason I have in all cases founded a distinction upon that 
character. 

In order to facilitate the knowledge of the limits of the 
genera of carpology, the following analytical table will be 
found convenient for reference. It is succeeded by the cha- 
racters of the genera in as much detail as is necessary for the 
perfect understanding of their application. 


Class I. Fruit simple APOCARPI. 
One or two-seeded. 


Membranous, - " = = - Urricutus. 
Dry and bony - - - - ACHENIUM. 
Fleshy externally, bony internally, . - Drupa. 
Many-seeded. 
Dehiscent. 
One-valved, ae a - Fo.uicutus. 
Two-valved. - ~ - LerGuMeEn. 
Indehiscent, - - - Lomentum. 


Class II. Fruit aggregatee AGGREGATI. 
Ovaria elevated above the calyx. 


Pericarpia distinct, - - - - Evrrio. 
Pericarpia cohering into a solid mass, s - SyNCARPIUM. 
Ovaria enclosed within the fleshy tube of the calyx, - CyNarRHODUM. 


Class III. Fruit compound. SYNCARPI. 
Sect. 1. Superior. 
A. Pericarpium dry externally. 
Indehiscent. 
One-celled. - - - - Canryorsis. 
Many-celled. 
Dry internally. 


Apterous - - - Carcrrutus. 
Winged, - - - Samara. 
Pulpy internally, - - AMPHISARCA. 
Dehiscent. 
By a transverse suture. ~ - - Pyxipium. 
By elastic cocci. - - - Reema. 
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By a longitudinal suture, - - CoNcEPTACULUM. 
By valves. 
Placentz opposite the lobes of the 
stigma. 
Linear, E 2 - SILIQUA. 
Roundish, ‘ = - SILICULA. 


Placentz alternate with the lobes of 
the stigma. 
Valves separating from the replum, CrrariumM. 


Replum none, . ~ Capsuta. 
B. Pericarpium fleshy. 
Indehiscent. 
Sarcocarpium separable, ~ - HeEsperiIpiuM. 
Sarcocarpium inseparable, - - NucuLanium. 
Dehiscent, - - - - ~- TryMa. 


Sect 2. Inferior. 
A. Pericarpium dry. 


Indehiscent. 
Cells two or more, ~ - - CREMOCARPIUM. 
Cell one. 
Surrounded by a cupulate involucrum, GLans. 
Destitute of a cupula, - - CypsELa. 
Dehiscent or rupturing, - - - Dzurtorecia. 


B. Pepicarpium fleshy. 
Epicarpium hard. 


Seeds parietal, ~ - - PEeEpo. 

Seeds not parietal, - - - Batausta. 
Epicarpium soft. 

Cells obliterated: or unilocular, - Bacca. 

Cells distinct, - - - - Pomum. 


Class IV. Collective fruits. ANTHOCARPI. 


Single. 
Perianthum indurated, dry, - ~ - Dyicwiesium. 
Perianthum fleshy, . - - - SpHaLerocar- 
Aggregate. PIUM. 
Hollow, - - - - - Syconus. 
Convex. 
An indurated amentum, - - - Srrositus. 
A succulent spike, - - - Sorosis. 


Class I, Fruit simple APOCARPI. 
Ovaria strictly simple; a single series only produced by a single Siexad 


J. Urricutus, Gertner. — (Cystidium, Link.) 

One-celled, one or few-seeded, superior, membranous, frequently dehiscent 
by a transverse incision. This differs from the pyzis in texture, being strictly 
simple, i. e. not proceeding from an ovarium with obliterated dissepiments. 

Example. — Amaranthus, Chenopodium. 


{I. AcheniuM ; (aNaee of many ; Spermidium; Xylodium, Desv. ; The- 
cidium, Mirb. ; ; Nux, Linn. ) 


CHAPS El. CARPOLOGY. 199 


One-seeded, one-celled, superior, indehiscent, hard, dry, with the integu- 
ments of the seed distinct from it. 

Linnezus includes this among his seeds, defining it ‘‘semen tectum epider- 
mide ossea.” I have somewhere seen it named Spermidium; a good term if 
it were wanted. M. Desvaux calls the nut of Anacardium a Xylodium. 

Examples. — Lithospermum, Borago. 


Ill. Drura. —Drupe, — fig. 164. 

One-celled, one or two-seeded, superior, indehiscent, the outer coat (nau- 
cum) soft and fleshy, and separable from the inner or endocarpium (the stone), 
which is hard and bony; proceeding from an ovarium which is perfectly 
simple. This is the strict definition of the term drupa, which cannot strictly 
be applied to any compound fruit, as that of Cocos, certain Verbenacex, and 
others, as it often is. Fruits of the last description are generally carcerules 
with a drupaceous coat. The stone of this fruit is the Nux of Richard, but not 
of others. 

Examples. — Peach, Plum, Apricot. 


IV. Fotutcutus. — Follicle (Hemigyrus, Desvaux ; Plopocarpium, Desv.), 
Jig. 141. 

One-celled, one or many-seeded, one-valved, superior, dehiscent by a 
suture along its face, and bearing its seeds at the base, or on each margin of 
the suture. This differs from the legumen in nothing but its having one 
valve instead of two. The Hemigyrus of Desvaux is the fruit of Proteacez, 
and differs from the follicle in nothing of importance. When several follicles 
are in a single flower, as in Nigella and Delphinium, they constitute a form of 
fruit called Plopocarpium by Desvaux, and admitted into his Etzrio by 
Mirbel. 

Examples. — Pxonia, Banksia, Nigelia. 


V. Lecumen. — Pod (Legumen, Linn. ; Gousse, Fr.), fig. 137, 138. 
One-celled, one or many-seeded, two-valved, superior, dehiscent by a suture 
along both its face and its back, and bearing its seeds on each margin of the 
ventral suture. This differs from the follicle in nothing except its dehiscing by 
two valves. In Astragalus two spurious cells are formed by the projection 
inwards of either the dorsal or ventral suture, which forms a sort of dissepiment ; 
and in Cassia a great number of transverse diaphragms (phragmata) are formed 
by projections of the placenta. Sometimes the legumen is indehiscent, as in 
Cathartocarpus, Cassia fistula, and others ; but the line of dehiscence is in such 
species indicated by the presence of sutures. When the two sutures of the 
’ legumen separate from the valves, they form a kind of frame called replum, as 
in Carmichaelia. 
Examples. — Bean, Pea, Clover. 
VI. Lomentum. — (Legumen lomentaceum, Rich.) 
Differs from the legumen in being contracted in the spaces between such 
seed, and there separating into distinct pieces, or indehiscent, but divided by 


internal spurious dissepiments, whence it appears at maturity to consist of many 
articulations and divisions. 


Example. — Ornithopus. 
Class II. Fruit aggregate. AGGREGATI. 
Ovaria strictly simple ; more than a single series produced by each flower. 


O14 
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VII. Evario, Mirb.—(“ Polychorion, Mirbd. ;’’ Polysecus, Desvaux ; Amalthea, 
Desv. ; Erythrostomum, Desvaur). fig. 162. 

Ovaries distinct ; pericarpia indehiscent, either dry upon a dry receptacle, as 
Ranunculus, dry upon a fleshy receptacle, as strawberry, or fleshy upon a 
dry receptacle, as Rubus. The last is very near the syncarpium, from which 
it differs in the ovaria not coalescing into a single mass. It is Desvaux’s 
Erythrostomum. This term is applied less strictly by M. Mirbel, who admits 
into it dehiscent pericarpia, not placed upon an elevated receptacle, as Delphi- 
nium and Peonia; but the fruit of these plants is better understood to be a 
union of several follicules within a single flower. If there is no elevated 
receptacle, we have Desvaux’s Amalthea. The parts of an Eterio are 
Achenia. 

Examples. Ranunculus, Fragaria, Rubus. 


VIII. Syncarrium. — (Syncarpium, Rich. ; Asimina, Desv. ) 
Ovaries cohering into a solid mass, with a slender receptacle. 
Examples. Annona, Magnolia. 


IX. Cynarruopum. — (Cynarrhodum, OQfficin. Desvauz.) 
Ovaries distinct ; pericarpia hard, indehiscent, enclosed within the fleshy 
tube of a calyx. 
Examples. Tosa, Calycanthus. 


Class ITI. Fruit compound. SYNCARPI. 
Ovaria compound. 
Sect. 1. Fruit superior. 
A.  Pericarpium dry. 


X. Caryorsis. —(Cariopsis, Rich. ; Cerio, Mirbd.) 

One celled, one-seeded, superior, indehiscent, dry, with the integuments of 
the seed cohering inseparably with the endocarpium, so that the two are undis- 
tinguishable ; in the ovarium state evincing its compound nature by the pre- 
sence of two or more stigmata; but nevertheless unilocular, and having but 
one ovulum. 

Examples. Wheat, Barley, Maize. 


XI.— Reema, Mirb. ; —(Elaterium, Rich. ; Capsula tricocca, L.) 

Three or more celled, few-seeded, superior, dry, the cells bursting from the 
axis with elasticity into two valves. - The outer coat is frequently softer than 
the endocarpium or inner coat, and separates from it when ripe; such regmata 
are drupaceous. ‘The cells of this kind of fruit are called cocci. 

Example. Euphorbia. 


XII. Carcerurus, Mirb. ; — (Dieresilis, Mirb. ; Cenobio, Mirb. ; Synochorion, 
Mirb.; Sterigmum, Desvaur; Microbasis, Desvauc; Polexostylus, 
Mirb.; Sarcobasis, Dec., Desv.; Baccaularius, Desv.) 

Many-celled, superior: cells dry, indehiscent, few-seeded, cohering by a 
common style round a common axis. From this the Dieresilis of Mirbel does 
not differ in any essential degree. The same writer calls the fruit of Labiate 
( fig. 162.), which Linnzus and his followers mistake for naked seeds, Czno- 
bio: it differs from the Carcerulus in nothing but the low insertion of the style 
into the ovaria, and the distinctness of the latter. 

Examples. ‘Tilia, Tropzolum, Malva. 
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XIII. Samara, Gertn. ; — Key. (Pteridium, Mirb, ; Pterodium, Desv.), fig.143. 

Two or more celled, superior ; cells few-seeded, indehiscent, dry ; elongated 

into wing-like expansions. This isnothing but a modification of the Carcerule. 
Examples. Fraxinus, Acer, Ulmus. 


XIV. Pyxiprum (Pyxidium, Ehr., Rich., Mirb.; Capsula circumscissa, L.), 
Jig. 153. 
One-celled, many-seeded ; superior, or nearly so; dry, often of a thin tex- 
ture; dehiscent by a transverse incision, so that when ripe the seed and their 
placenta appear as if seated in a cup, covered with a lid. This fruit is one- 
celled by the obliteration of the dissepiments of several carpella, as is apparent 
from the bundles of vessels which pass from the style through the pericarpium 
down into the receptacle. 
Example. Anagallis. 


XV. Concerracutum, (Conceptaculum, Linn.; Double Follicule, Mird.), 
fig. 139, 140. 

Two-celled, many-seeded, superior, separating into two portions, the seeds 
of which do not adhere to marginal placentz, as in the folliculus, to which this 
closely approaches, but separate from their placentz, and lie loose in the cavity 
of each cell. 

Examples. Asclepias, Echites. 


XVI. Srriqua, Linn. fig. 155, 156, 157. 

One or two-celled, many-seeded, superior, linear, dehiscent by two valves 
separating from the replum ; seeds attached to two placentas adhering to the 
replum, and opposite to the lobes of the stigma. The dissepiment of this fruit 
is considered a spurious one formed by the projecting placentas, which some- 
times do not meet in the middle; in which case the dissepiment or phragma 
has a slit in its centre, and is said to be fenestrate. 


XVII. — Suricuta, Linn. 
This differs from the latter in nothing but its figure, and in containing fewer 
seeds. It isnever more than four times as long as broad, and often much shorter. 
Examples. Thlaspi, Lepidium, Lunaria. 


XVIII. Crerarium. — (Capsula siliquiformis, Dec. ; Conceptaculum, Desv.) 
One-celled, many-seeded, superior, linear, dehiscent by two valves separat- 
ing from the replum; seeds attached to two spongy placente adhering to the 
replum, and alternate with the lobes of the stigma. Differs from the siliqua in 
the lobes of the stigma being alternate with the placentz, not opposite. This, 
therefore, is regular, while that is irregular in structure. 
Examples. Glaucium, Corydalis, Hypecoum. 


XIX. Capsvta, Capsule, fig. 146, 147. 151, 152. 135, 136. 

One or many-celled, many-seeded, superior, dry, dehiscent by valves, always 
proceeding from a compound ovarium. The valves are variable in their 
nature: usually they are at the top of the fruit, and equal in number to the 
cells ; sometimes they are twice the number ; occasionally they resemble little 
pores or holes below the summit, as in the Antirhinum, 

Examples. Digitalis, Primula, Rhododendron. 


XX, Ampuisarca. —(Amphisarca, Desv.) 
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Many-celled, many-seeded, superior, indehiscent ; indurated or woody exter- 
nally, pulpy internally. 

Examples. Omphalocarpus, Adansonia, Crescentia. 

B. Pericarpium fleshy. 


XXI. Tryma.—(Tryma, Watson.) 
Superior, by abortion one-celled, one-seeded, with a two-valved indehiscent 
endocarpium, and a coriaceous or fleshy valveless sarcocarpium. 
Example. Juglans. 


XXII. Nucuranrum.—(Nuculanium, Rich ; Bacca, Desvauz.) 

Two or more celled, few or many-seeded, superior, indehiscent, fleshy, of 
the same texture throughout, containing several seeds, improperly called 
nucules by the younger Richard. This differs scarcely at all from the berry, 
except in being superior. 

Examples. Grape, Achras. 


XXIII. Hesrerinium.— (Hesperidium, Desv. Rich.) 

Many-celled, few-seeded, superior, indehiscent, covered by a spongy separ- 
able rind; the cells easily separable from each other, and containing a mass of 
pulp, in which the seeds are imbedded. The pulp is formed by the cellular 
tissue, which forms the lining of the cavity of the cells: this cellular tissue is 
excessively enlarged and succulent, is filled with fluid, and easily coheres into 
a single mass. The external rind is by M. De Candolle supposed to be an 
elevated discus of a peculiar kind, analogous to that within which the fruit of 
Nelumbium is seated; and perhaps its separate texture and slight connexion 
with the cells of the fruit seem to favour this supposition. But it is difficult 
to reconcile with such an hypothesis the continuity of the rind with the style 
and stigma, which is a sure indication of the identity of their origin ; and it is 
certain that the shell of the ovarium and the pericarpium are the same. The 
most correct explanation of this structure is to consider the rind a union of the 
epicarp and sarcocarp, analogous to that of the drupa. 

Example. Orange. 

Sect. 2. Fruit inferior. 

A. Pericarpium dry. 

XXIV. Grans (Glans, Linn., Desv.; Calybio, Mirb.; Nucula, Desvauz), 
Jig. 165. 

One-celled, one or few-seeded, inferior, indehiscent, hard, dry ; proceeding 
from an ovarium containing several cells and several seeds, all of which are 
abortive but one or two; seated in that kind of persistent involucre called 
acupule. ‘The pericarpium is always crowned with the remains of the teeth 
of the calyx; but they are exceedingly minute, and are easily overlooked. 
Sometimes the gland is solitary, and quite naked above, asin the common oak ; 
sometimes there is more than one completely enclosed in the cupule, as the 
beech and sweet chestnut. 

Examples. Quercus, Corylus, Castanea, 


XXV. Cyrsera (Akena, Necker; Akenium, Rich. ; Cypsela, Mirb.; Ste- 
phanoum, Desv.), fig. 148, 149. 
One-seeded, one-celled, indehiscent, with the integuments of the seed not 
cohering with the endocarpium; in the ovarium state evincing its compound 
nature by the presence of two or more stigmata; but nevertheless unilocular 
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and having but one ovulum. Such is the true structure of the Achenium; 
but as that term is often applied to the simple superior fruits, called Nux by 
Linnzus, I have thought it better, in order to avoid confusion, to adopt the 
name Cypsela. 

Examples. All Composite. 


XXVI. Cremocarrium (Cremocarpium, Mirb.; Polakenium, or Pentake- 
nium, Rich. ; Carpadelium, Desv.), fig. 154, 155. 159, 160. 

Two to five-celled, inferior; cells one-seeded, indehiscent, dry, perfectly 
close at all times; when ripe separating from a common axis. M. Mirbel 
confines the application of Cremocarpium to Umbelliferze ; but it is better to 
let it apply to all fruits which will come within the above definition. It will 
then be the same as Richard’s Polakenium, excluding those forms in which the 
fruit is superior. The latter botanist qualifies his term Polakenium according 
to the number of cells of the fruit: thus when there are two cells it is diakenium, 
three triakenium, and soon. M. De Candolle calls the half of the fruit of 
Umbelliferze mericarp. 

Examples. Umbellifere, Aralia, Galium. 


XXVII. Dretoreeia (Diplotegia, Desv.), fig. 145. 

One or many-celled, many-seeded, inferior, dry, usually bursting either by 
pores or valves. This differs from the Capsule only in being adherent to the 
calyx. 

Examples. Campanula, Leptospermum., 

B. Pericarpium fleshy. 


XXVIII. Pomum, Apple or Pome.—(Melonidium, Rich. ; Pyridium, Mird. ; 
Pyrenarium, Desvaux ; Antrum, Mench.) fig. 166. 

Two or more celled, few-seeded, inferior, indehiscent, fleshy ; the seeds dis- 
tinctly enclosed in dry cells, with a bony or cartilaginous lining, formed by the 
cohesion of several ovaria with the sides of the fleshy tube of a calyx, and some- 
times with each other. These ovaria are called parietal by M. Richard. Some 
forms of Nuculanium and this differ only in the former being distinct from the 
calyx. 

Examples. Apple, Cotoneaster, Cratezgus. 


XXIX. Prro.—(Peponida, Rich.) 

One-celled, many-seeded, inferior, indehiscent, fleshy ; the seeds attached to 
parietal pulpy placentz. This fruit has its cavity frequently filled at maturity 
with pulp, in which the seeds are imbedded ; their point of attachment is, how- 
ever, never lost. The cavity is also occasionally divided by projections of the 
placenta into spurious cells, which has given rise to the belief that in Pepo Ma- 
crocarpus there is a central cell, which is not only untrue but impossible. 

Examples. Cucumber, Melon, Gourd. 


XXX. Bacca, Berry (Bacca, L.; Acrosarcum, Desvauz), fig. 161. 
Many-celled, many-seeded, inferior, indehiscent, pulpy ; the attachment of 
the seeds lost at maturity, when they become scattered in the substance of the 
pulp. This is the true meaning of the term berry; which is, however, often 
otherwise applied, either from mistaking nucules for seeds, or from a mis- 
apprehension of the strict limits of the term. 
Example. Ribes. 
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XXXI. Batausta. —(Balausta, Officin. Rich.) 

Many-celled, many-seeded, inferior, indehiscent; the seeds with a pulpy 
coat, and attached distinctly to their placente. The rind was called Malicorium 
by Ruellius. 

Example. Pomegranate. 


Class IV. Collective Fruits. ANTHOCARPI. 
Fruit of which the principal characters are derived from the thickened floral 
envelopes: 


XXXII. Dicresium. — (Dyclesium, Désvaux ; Scleranthum, Mench ; Catacle- 
sium, Desvaux; Sacellus, Mirb.) 
Pericarpium indehiscent, one-seeded, enclosed within an indurated perian- 
thium. 
Examples. Mirabilis, Spinacia, Salsola. 


XXXIII. SpHarerocarrum,—(Sphalerocarpum, Desv.; Nux baccato of 
authors.) 
Pericarpium indehiscent, one seeded, enclosed within a fleshy perianthium. 
Examples. Hippophae, Taxus, Blitum, Basella. 


XXXIV. Syconus. — (Syconus, Mirb.) : 
A fleshy rachis, having the form of a flattened disk, or of a hollow receptacle, 
with distinct flowers and dry pericarpia. 
Examples. Ficus, Dorstenia, Ambora. 


XXXV. Srrositus, Cone (Conus, or Strobilus, Rich., Mirb.; Galbulus 
Gertn.; Arcesthide, Desvaux ; Cachrys, Fuchs; Pilula, Pliny), 
Jig. 166. 

An amentum, the carpella of which are scale-like, spread open, and bear 
naked seeds ; sometimes the scales are thin, with little cohesion ; but they often 
are woody, and cohere into a single tuberculated mass. 

The Galbulus differs from the Strobilus only in being round, and having 
the heads of the carpella much enlarged. The fruit of the Juniper is a Gal- 
bulus, with fleshy coalescent carpella. Desvaux calls it Arcesthide, 

Example. Pinus. 


XXXVI. Sorosis.— (Sorosis, Mirb.) 
A spike or raceme converted into a fleshy fruit by the cohesion in a single 
mass of the ovaria and floral envelopes. 
Examples. Ananassa, Morus, Artocarpus. 
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14. Of the Seed. 


As the fruit is the ovary arrived at maturity, and is there- 
fore subject to the same laws of structure as the latter; so is 
the seed the ovule in its most perfect and finally organised 
state, and constructed: upon exactly the same plan as the 
- ovule. But as the fruit, nevertheless, often differs from the 
ovary in the suppression, or addition, or modification of certain 
portions, so is the seed occasionally altered from the precise 
structure of the ovule, in consequence of changes of like 
nature. 

The seed is a body enclosed in a pericarp, is clothed with 
its own integuments, and contains the rudiment of a future 
plant. It is the point of development at which vegetation 
stops, and beyond which no increase, in the same direction 
with itself, can take place. In a young state it has already 
been spoken of under the name of ovule; to which I also 
refer for all that relates to the insertion of seeds. 

That side of a seed which is most nearly parallel with the 
axis of a compound fruit, or the ventral suture or sutural 
line of a simple fruit, is called the face, and the opposite side 
the back. In a compound fruit with parietal placentee, the 
placenta is to be considered as the axis with respect to the 
seed ; and that part of the seed which is most nearly parallel 
with the placenta, as the face. Where the raphe is visible, 
the face is indicated by that. 
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When a seed is flattened lengthwise it is said to be com- 
pressed, when vertically it is depressed; a difference which it 
is of importance to bear in mind, although it is not always 
easy to ascertain it: for this purpose it is indispensable that 
the true base and apex of the seed should be clearly under- 
stood. The base of a seed is always that point by which it is 
attached to the placenta, and which receives the name of 
hilum: the base being found, it would seem easy to deter- 
mine the apex, as a line raised perpendicularly upon the 
hilum, cutting the axis of the seed, ought to indicate the apex 
at the point where the line passes through the seed coat; but 
the apex so indicated would be the geometrical, not the natural 
apex: for discovering which with precision in seeds, the 
. natural and geometrical apex of which do not correspond, 
another plan must be followed. If the skin of a seed be 
carefully examined, it will usually be found that it is com- 
posed in great part of lines representing rows of cellular 
tissue, radiating from some one point towards the base, or, 
in other words, of lines running upwards from the hilum and 
meeting in some common point. This point of union or 
radiation is the true apex, which is not only often far removed 
from the geometrical apex, but is sometimes even in juxta- 
position with the hilum, as in mignionette: in proportion, 
therefore, to the obliquity of the apex of the seed will be the 
curve of its axis, which is represented by a line passing 
through the whole mass of the seed from the base to the apex, 
accurately following its curve. If the lines above referred to 
are not easily distinguished, another indication of the apex 
resides in a little brown spot or areola, hereafter to be men- 
tioned under the name of chalaza. Where there is no in- 
dication either externally or internally of the apex, it may 
then be determined geometrically. 

The integuments of a seed are called the ¢esta; the rudi- 
ment of a future plant, the embryo (Plate VI. fig. 1. 6, &e.); 
and a substance interposed between the embryo and the 
testa, the albumen (fig. 1. a, 5. a, &c.). 

The testa, called also lorica by Mirbel, perisperme and 
episperme by Richard, and spermodermis by De Candolle, 


according to some consists, like the pericarp, of three portions ; 
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viz. 1. the external integument, tunica externa of Willde- 
now, testa of De Candolle; 2. the internal integument, 
tunica interna of Willdenow, endopleura of De Candolle, 
hilofere and tegmen of Mirbel; and, 3, of an intervening 
substance answering to the sarcocarp, and called sarcodermis 
by De Candolle: this last is chiefly present in seeds with a 
succulent testa, and by many is considered a portion of the 
outer integument, which is the most accurate mode of under- 
standing it. 

The outer integument is either membranous, coriaceous, 
erustaceous, bony, spongy, fleshy, or woody; its surface is 
either smooth, polished, rough, or winged, and sometimes is 
furnished with hairs, as in the cotton and other plants, which, 
when long, and collected about either extremity, form what is 
called the coma (sometimes also, but improperly, the pappus). 
It consists of cellular tissue disposed in rows, with or without 
bundles of vessels intermixed: in colour it is usually of a 
brown or similar hue: it is readily separated from the inner 
integument. 

In Maurandya Barclayana it is formed of reticulated cel- 
lular tissue; in Collomia linearis and others it is caused by 
elastic spirally twisted fibres enveloped in mucus, and spring- 
ing outwards when the mucus is dissolved; in Casuarina it 
(or the inner integument) contains a great quantity of spirally 
fibrous cellules. In the genus Crinum it is of a very fleshy, 
succulent character, and has been mistaken for albumen, 
from which it is readily known by its vascularity. According 
to Brown, a peculiarly anomalous kind of partition, which is 
found lying loose within the fruit of Banksia and Dryandra, 
without any adhesion either to the pericarp or the seed, is a 
state of the outer integument. It is said that in those genera 
the inner membrane (secondine) of the ovule is, before fertili- 
sation, entirely exposed, the primine being reduced to half, 
and open its whole length; and that the outer membranes 
(primines) of the two collateral ovules, although originally 
distinct, finally contract an adhesion by their corresponding 
surfaces, and together constitute the anomalous dissepiment. 
But it may be reasonably doubted whether the integument 
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here called secundine is not primine, and the supposed pri- 
mine arillus. 

The inner membrane (secundine) of the ovule, however, 
in general appears to be of greater importance as connected 
with fecundation, than as affording protection to the nucleus 
at a more advanced period. For, in many cases before im- 
pregnation, its perforated apex projects beyond the aperture 
of the testa, and in some plants puts on the appearance of an 
obtuse, or even dilated stigma; while in the ripe seed it is 
often either entirely obliterated, or exists only as a thin film, 
which might readily be mistaken for the epidermis of a third 
membrane, then frequently observable. 

‘‘ This third coat (tercine) is formed by the proper mem- 
brane or cuticle of the nucleus, from whose substance in the 
unimpregnated ovule it is never, I believe, separable, and at 
that period is very rarely visible. In the ripe seed it is dis- 
tinguishable from the inner membrane only by its apex, 
which is never perforated, is generally acute and more deeply 
coloured, or even sphacelated.” 

Mirbel has, however, justly remarked that the primine and 
the secundine are, in the seed, very frequently confounded; 
and that, therefore, the word testa is better employed, as one 
which expresses the outer integument of the seed without 
reference to its exact origin, which is practically of little im- 
portance. ‘The tercine is also, no doubt, often absent. He 
observes that these mixed integuments often give rise to new 
kinds of tissue; that in Phaseolus vulgaris the testa consists, 
indeed, of three distinct layers, but of those the innermost 
was the primine; and that the others, which represent nothing 
that pre-existed in the ovule, have a horny consistence, and 
are formed of cylindrical cellules, which elongate in the 
direction from the centre to the circumference. And this is 
probably the structure of the testa of many Leguminose. 

It sometimes happens that the endopleura (or tercine?) 
thickens so much as to have the appearance of albumen, as 
in Cathartocarpus fistula. In such a case it is only to be dis- 
tinguished from albumen by gradual observation from the 
ovule to the ripe seed. 
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With regard to the quartine and quintine, one of them is 
occasionally present in the form of a fleshy sac that is inter- 
posed between the albumen and the ovule, and envelopes the 
latter. It is what was called the vitellus by Geertner, and 
what Richard, by a singular prejudice, considered a dilatation 
of the radicle of the embryo: to his macropodal form of which 
he referred the embryo of such plants. Instances of this are 
found in Nympheea and its allies, and also in Scitaminez, 
peppers, and Saururus. Brown, who first ascertained the 
fact, considers this sac to be always of the same nature and 
origin, and as the vesicula colliquamenti or amnios of Malpighi. 

The end by which the seed is attached to the placenta is 
called the hilum or umbilicus (Plate VI. fig. 5. c, 17. e, 11. ¢, 
&e.); it is frequently of a different colour from the rest of the 
seed, not uncommonly being black. In plants with small 
seeds it is exceedingly minute, and recognised with difficulty ; 
but in some it is so large as to occupy fully a third part of 
the whole surface of the seed, as in the horse-chestnut, Sa- 
poteze, and others. Seeds of this kind have been called 
nauca by Geertner. In grasses the hilum is indicated by a 
brownish spot situated on the face of the seed, and is called 
by Richard spilus. ‘The centre of the hilum, through which 
the nourishing vessels pass, is called by ‘Turpin the omphalo- 
dium. Sometimes the testa is enlarged in the form of irregu- 
lar lumps or protuberances about the umbilicus; these are 
called strophiole or caruncule; and the umbilicus, round 
which they are situated, is said to be strophiolate or carun- 
culate. Mirbel has ascertained that in Euphorbia Lathyris 
the strophiole is the fungous foramen of the primine; and it is 
probable that such is often the origin of this tubercle: but at 
present we know little general upon the subject. 

The foramen in the ripe seed constitutes what is called the 
micropyle: it is always opposite the radicle of the embryo; 
the position of which is, therefore, to be determined without 
dissection of the seed, by an inspection of the micropyle, — 
often a practical convenience. 

In some seeds, as the asparagus, Commelina, and others 
(fig. 185.), there is a small callosity at a short distance from the 
hilum: this callosity gives way like a little lid at the time of 
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germination, emitting the radicle, and has been named by 
Geertner the embryotega. 

At the apex of the seed in the orange, and many other 
plants, may be perceived upon the testa a small brown spot, 
formed by the union of certain vessels proceeding from the 
hilum: this spot is the chalaza (Plate VI. fig. 11. 6). In the 
orange it is beautifully composed of dense bundles of spiral 
vessels and spiral ducts, without woody fibre. ‘The vessels 
which connect the chalaza with the hilum constitute a parti- 
cular line of communication, called the raphe: in most plants 
it consists of a single line passing up the face of the seed; but 
in many Aurantiaceee and Guttiferee it ramifies elegantly in 
every direction upon the surface of the testa. 

The raphe is always a true indication of the face of the seed ; 
and it is very remarkable that the apparent exceptions to this 
rule only serve to confirm it. Thus, in some species of Huony- 
mus, in which the raphe appears to pass along the back, an 
examination of other species shows that the ovules of such 
species are in fact resupinate; so that with them the line of 
vascularity representing the raphe is turned away from its true 
direction by peculiar circumstances. In reality, the chalaza is 
the place where the secundine and the primine are connected ; 
so that in orthotropous seeds, or such as have the apex of the 
nucleus at the apex.of the seed, and in which, consequently, 
the union of the primife and secundine takes place at the 
hilum, there can be no apparent chalaza, and consequently no 
raphe: the two latter can only exist as distinct parts in 
anatropous seeds, when the base of the nucleus corresponds to 
the geometrical apex of the seed. Hence, also, there can never 
be a chalaza without a raphe, nor a raphe without a chalaza. 

1E6 Something has already been said 
about the aril (fig. 187. and 188.) 
when speaking of the ovule; but 
it more properly comes under con- 
sideration along with the ripe seed. _ 
fia, < “>. As a general rule it may be stated, 
/ " ) \ that every thing proceeding from 
lif ie _ the placenta and not forming part 
YN) \ NWI of the seed is referrible to the 
( ys Pa iy aril. Even in plants like Hib- 
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bertia volubilis and Euonymus europzus, in which it is of 
unusual dimensions, it is scarcely visible in the unimpregnated 
ovary ; and it is stated by Brown, that he is not acquainted with 
any case in which it covers the foramen of the testa before im- 
pregnation. 

The mass enclosed within the true testa or outer integu- 
ment is called the nucleus ; and consists either-of albumen and 
embryo, or of the latter only. 

The albumen (perispermium, Juss.; endospermium, Rich. ; 
medulla seminis. Jungius; secundine interne, Malpighi) 
(Plate VI. fig. 5. a, 1. a, 9, a, &c.), when present, is a body 
enclosing the embryo, and interposed between it and the in- 
tegument of the seed: it is of various degrees of hardness, 
varying from fleshy to bony, or even stony, as in some palms. 
It is in all cases destitute of vascularity, and has been usually 
considered as the amnios in an indurated state: but Brown is 
of opinion that it is formed by a deposition or secretion of 
granular matter in the cellules of the amnios, or in those of 
the nucleus itself. ‘The albumen is often absent, frequently 
much smaller than the embryo, but is also occasionally of 
much greater size. ‘This is particularly the case in monoco- 
tyledons, in some of which the embryo scarcely weighs a few 
grains, while the albumen weighs many ounces, as in the 
cocoa-nut. It is almost always solid, but in Annonacee and 
the nutmeg tribe it is perforated in every direction by dry 
cellular tissue, which appears to originate from the remains of 
the nucleus in which the albumen has been deposited: in this 
state it is said to be ruminated. 

The embryo (or corculum) (Plate VI. fig. 1. b, &e.) is a 
fleshy body, occupying the interior of the seed, and consti- 
tuting the rudiment of a future plant. It is usually solitary, 
but there are instances of the presence of several in one seed. 
It was originally developed within the innermost membrane of 
the ovule. In most plants one embryo only is found in each 
seed. It nevertheless occurs, not unfrequently, that more 
than one is developed within a single testa, as occasionally in 
the orange and the hazel nut, and very commonly in Coni- 
ferse, Cycas, the onion, and the mistletoe. Now and then a 
union takes place of these embryos. 

Pp 2 


212 ORGANOGRAPHY. BOOK I. 


It is distinguished into three parts; viz. the radicle (Plate 
VI. fig. 2. 6, &c.) (rhizoma or rostellum) ; cotyledons (fig. 2. a, 
&e.), and plumule (or gemmule) (fig. 2. c.) ; from which is also 
by some distinguished the caulicule or neck (collet, scapus, sca- 
pellus, or tigelle). Mirbel admits but two principal parts; 
viz. the cotyledons, and what he calls the blastéme, which com- 
prises radicle, plumule, and caulicule. 

Upon certain remarkable differences in the structure of the 
embryo, modern botanists have divided the whole vegetable 
kingdom into three great portions, which form the basis of 
what is called the natural system. ‘These are, 1. Dicotyle- 
dons; 2. Monocotyledons; and, 3. Acotyledons. In order to 
understand exactly the true nature of the embryo in each of 
these, it will be requisite first to describe it fully as it exists 
in dicotyledons, and then to explain its organisation in the 
two others. 

If a common DicoryLeponovus embryo (Plate VI. fig. 2.), 
that of the apple for example, be examined, it will be found to 
be an obovate, white, fleshy body, tapering and solid at the 
lower end, and compressed and deeply divided into two equal 
Opposite portions at the upper end; the lower tapering end 
is the radicle, and the upper divided end consists of two 
cotyledons. Within the base of the cotyledons is just visible a 
minute point, which is the plumule. ‘The imaginary line of 
division between the radicle and the cotyledons is the cauli- 
cule. If the embryo be placed in circumstances favourable 
for germination, the following phenomena occur: the cauli- 
cule will extend upwards; the radicle will become elongated 
downwards, forming a little root; the cotyledons will elevate 
themselves above the earth and unfold; and the plumule will 
lengthen upwards, and give birth to a stem and leaves. Such 
is the normal or proper appearance of a dicotyledonous 
embryo. 

The exceptions to it chiefly consist, 1. in the cohesion of the 
cotyledons in a single mass, instead of their unfolding; 2. in 
an increase of their number ; 3. in their occasional absence ; 
and, 4. in their inequality. A cohesion of the cotyledons takes 
place in those embryos, which Geertner called psewdomonocoty- 
ledonous, and Richard macrocephalous. In the horse-chestnut, 
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the embryo consists of a homogeneous undivided mass, with 
a curved horn-like prolongation of one side directed towards 
the hilum. If a section be made in the direction of the axis 
of the horn-like prolongation through the whole mass of the 
embryo, a slit will be observable above the middle of the 
horn, at the base of which lies a little conical body. In this 
embryo the slit indicates the division between the two bases of 
a pair of opposite confluent cotyledons; the conical body is 
the plumule, and the horn-like prolongation is the radicle. 
In Castanea nearly the same structure exists, except that 
the radicle, instead of being curved and exserted, is straight, 
and enclosed within the projecting base of the two cotyle- 
dons; and in Tropzolum, which is very similar to Castanea 
in structure, the bases of the cotyledons, are slit into four 
little teeth enclosing the radicle. The germination of these 
seeds indicates more clearly that the cotyledonary body con- 
sists of two and not of one cotyledon; at that time the bases 
of the cotyledons, which had been previously scarcely visible, 
separate and lengthen, so as to extricate the radicle and 
plumule from the testa, within which they had been confined. 
In number the cotyledons vary from two to a much more con- 
siderable number. Ceratophyllum has constantly four, of 
which two are smaller than the others; in Coniferze they vary 
from two to more than twelve. 

Instances of the absence of cotyledons occur, 1. In Cus- 
cuta (Plate VI. fig. 19.), to which they may be supposed to 
be denied in consequence of the absence of leaves in that 
genus; 2. in Lentibulariz; 3. in Cyclamen, in which the 
radicle enlarges exceedingly: to these a fourth instance has 
by some been added in Lecythis, of which Richard gives the 
following account. The kernel is a fleshy almond-like body, 
so solid and homogeneous that it is extremely difficult to dis- 
cover its two extremities until germination takes place: at 
that period one of the ends forms a little protuberance, which 
subsequently bursts through the integuments of the seed, and 
extends itself as a root; the other end produces a sealy plu- 
mule, which in time forms the stem. The great mass of the 
kernel is supposed by Richard to be an enlarged radicle. I, 
however, see no reason for calling the two-lobed part of the 
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embryo (Plate VI. fig. 17. c) a plumule; it is merely coty- 
ledons. An inequality of cotyledons is the most unusual 
- circumstance with dicotyledons, and forms a distinct approach 
to the structure of monocotyledons: it occurs in Trapa and 
Sorocea, in which they are extremely disproportionate. In 
Cycas they are also rather unequal; but in a much less 
degree. 

The embryo of Monocorytepons (Plate VI. fig. I. B. &c.) 
is usually a solid, cylindrical, undivided, homogeneous body, 
slightly conical at each extremity, with no obvious distinction 
of radicle, plumule, or cotyledons. In germination the upper 
end swells and remains within the testa (fig. 10. C. b, &c.); 
the lower lengthens, opens, and emits one or more radicles ; 
and a thread-like green body is protruded from the upper 
part of the portion which is lengthened beyond the testa. 
Here the portion remaining within the testa is a single coty- 
ledon; that which lengthens, producing radicles from within 
its point, is the caulicule and radicle; and the thread-like 
protruded green body is the plumule. If this is compared with 
the germination of dicotyledons, an obvious difference will be 
at once perceived in the manner in which the radicles are 
produced: in monocotyledons they are emitted from within 
the substance of the radicular extremity, and are actually 
sheathed at the base by the lips of the passage through which 
they protrude; while in dicotyledons they appear at once 
from the very surface of the radicular extremity, and con- 
quently have no sheath at their base. Upon this difference 
in economy, Richard proposed to substitute the term Endo- 
rhizee for monocotyledons, and Exorhize for dicotyledons. 
Some consider the former less perfect than the latter: endo- 
rhize being involute, or imperfectly developed; exorhize 
evolute, or fully developed. Dumortier adds to these names 
endophyllous and exophyllous ; because the young leaves of 
monocotyledons are evolved from within a sheath (coleophyl- 
lum or coleoptilum), while those of dicotyledons are always 
naked. The sheath at the base of the radicle of monocotyle- 
dons is called the coleorhiza by Mirbel. Another form of 
monocotyledonous embryo is that of Aroideze and their allies, 
in which the plumule is not so intimately combined with the 
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embryo as to be undistinguishable, but is indicated externally 
by a little slit above the base (Plate VI. fig. 6. B. e), within 
which it lies until called into development by germination. 
The exceptions to what has been now described ought, 
like those of dicotyledons, rather to be called remarkable 
modifications. Much stress has been laid upon them by se- 
veral writers, who have thought it requisite to give particular 
names to their parts. ‘To me, however, it appears far more 
advisable to explain their analogies without the unnecessary 
creation of new and bad names. In Graminee (Plate VI. 
fig. 4.) the embryo consists of a lenticular body lying on the 
outside of the base of the albumen on one side, and covered 
on its inner face by that body, and on its outer face by the 
testa: if viewed on the face next the testa, a slit will be 
observed of the same nature as that in the side of the 
embryo of Aroidez; opening this cleft a small conical pro- 
jection is discovered, pointing towards the apex of the seed. 
If the embryo be then divided vertically through the conical 
projection, it will be seen that the latter (c) is a sheath includ- 
ing other little scales resembling the rudiments of leaves; that 
that part of the embryo which lies next the albumen (d), and 
above the conical body, is solid ; and that the lower extremity 
of the embryo (e) contains within it the indication of an in- 
- ternal radicle, as in other monocotyledons. In this embryo 
it is to be understood that the conical projection is the plu- 
mule ; that part of the embryo lying between it and the 
albumen, a single scutelliform cotyledon ; and the lower point 
of the embryo, the radicle. In wheat there is a second small 
cotyledon on the outside of the embryo, inserted a little lower 
down than the scutelliform cotyledon. ‘This last is called 
scutellum by Gzertner, who considered it of the nature of 
vitellus. Richard considered the scutelliform cotyledon a par- 
ticular modification of the radicle, which he called hypoblastus ; 
the plumule a form of cotyledon, called blastus ; the anterior 
occasional cotyledon a peculiar appendage, named epiblastus ; 
and the radicle a protuberance of the caulicule, called radicu- 
loda. He, further, in reference to this peculiar opinion, 
termed embryos of this description macropodous. In these 
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ideas, however, Richard was manifestly wrong, as is now well 
known. 

From what has been stated it is apparent that dicotyledons 
are not absolutely characterised by having two cotyledons, nor 
monocotyledons by having only one. The real distinction 
between them consists in their endorhizal or exorhizal germi- 
nation, and in the cotyledons of dicotyledons being opposite 
or verticillate, while they are in monocotyledons solitary or 
alternate. Some botanists have, therefore, recommended the 
substitution of other terms in lieu of those in common use. 
Cassini suggests isodynamous or isobrious for dicotyledons, 
because their force of development is equal on both sides; 
and anisodynamous or anisobrious for monocotyledons, because 
their force of development is greater on one side than on 
the other. Another writer, Lestiboudois, would call dicoty- 
ledons exoptiles, because their plumula is naked; and monoco- 
tyledons endoptiles, because their plumule is enclosed within 
the cotyledon; but there seems little use in these proposed 
changes, which are, moreover, as open to objections as the 
terms 1n common use. 

In the “ Library of Useful Knowledge” an apparently just 
explanation of the analogy between the embryo of monoco- 
tyledons and dicotyledons has been given; and I take the 
liberty of reproducing it here :— 

‘1. The embryo of an Arum is like that of a Palm, only 
there is a slit on one side of it through which the plumule 
easily escapes. 2.In Rice (Oryza) this slit is very much 
lengthened and widened; 3. In Barley the plumule projects 
beyond the slit, leaving a flat cotyledon on one side; and 4. 
In Wheat the embryo has the structure of Barley, with this 
most important exception, that at the base of the plumule in 
front there is a rudimentary cotyledon, alternate with the large 
flat one, on the opposite side of the plumule. Hence we are 
to infer that the monocotyledonous embryo of a Palm zs ana- 
logous to that of a dicotyledon, of which one of the cotyledons is 
abstracted, and the other rolled round the plumula and consoli- 
dated at its edges. And this is the view that must be taken of 
the monocotyledonous embryo in general, all the modifications 
of which seem reducible to this standard. 
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‘“‘ Thus in Sea-wrack (Zostera marina) of which the embryo 
is an oblong almond-shaped body with a cleft on one side, in 
the cavity of which a long flexuose process is placed, the latter 
is the plumule, and the former at one end the cotyledon, and 
the radicle at the other; in Ruppia maritima, whose embryo 
is an oblong body, cut suddenly off at one end, on which a 
sort of curved horn crouches, the latter is the plumule, and 
the former chiefly cotyledon; and so in frog-bit (Hydrocharis 
morsus range), the embryo of which is an oblong fleshy kernel 
with a hole on one side, in which there lies a short cylinder ; 
the latter is the plumule, and the former the cotyledon.” 

The AcotyLEDONOUS embryo is not exactly, as its name 
seems to indicate, an embryo without cotyledons; for, in that 
case, Cuscuta would be acotyledonous. On the contrary, it 
is an embryo, which does not germinate from two fixed in- 
variable points, namely the plumule and the radicle, but in- 
differently from any point of the surface; as in some of the 
Arum tribe, and in all flowerless plants. See Mohl, Bemer- 
hungen tiber die Entwicklung und den Bau der Sporen der Crypto- 
gamischen Gewdchse. Regensb. 1833. 

For further illustrations of the embryo, consult Plate VI. 
and the explanation of its figures. 

The direction of the embryo is either absolute or relative. 
Its absolute direction is that which it has independently of the 
parts that surround it. In this respect it varies much in dif- 
ferent genera; it is either straight (Plate VI. fig. 5.), arcuate 
(fig. 9.), or faleate, uncinate, or coiled up (fig. 8.) (cyclical), 
folded up, spiral (fig. 19.), or bent at right angles (Plate V. 
fig. 28.) (gromonical, Link), serpentine, or in figure like the 
letter S (sigmozd).. 

Its relative position is determined by the relation it bears 
to the chalaza and micropyle of the seed ; or, in other words, 
upon the relation that the integuments, the raphe, chalaza, 
hilum, micropyle, and radicle bear to each other. If the sacs 
of the ovule are in no degree inverted, but have their com- 
mon point of origin at the hilum, there being (necessarily) 
neither raphe nor chalaza visible, the radicle will in that case 
be at the extremity of the seed most remote from the hilum, 
and the embryo inverted with respect to the seed, as in Cistus, 
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Urtica, and others, where it is said to be antitropal. But if - 
the ovule undergoes the remarkable extension of one side 
already described in speaking of that organ, when the sacs 
are so inverted that their orifice is next the hilum, and their 
base at the apex of the ovule, then there will be a raphe 
and chalaza distinetly present; and the radiele will, in the seed, 
be at the end next the hilum, and the embryo will be erect 
with respect to the seed, or orthotropal, as in the apple, 
plum, &c. On the other hand, supposing that the sacs of 
the embryo suffer only a partial degree of inversion, so that 
their foramen is neither at the one extremity nor the other, 
there will be a chalaza and a short raphe; and the radicle will 
point neither to the apex nor to the base of the seed, but the 
embryo will lie, as it were, across it, or be heterotropal, as. is 
the case in the primrose. When an embryo is so curved as 
to have both apex and radicle presented to the hilum, as in 
Reseda, it is amphitropal. 

In the words of Geertner, an embryo is ascending when its 
apex is pointed to the apex of the fruit; descending, if to the 
base of the fruit; centripetal, if turned towards the axis of 
the fruit; and centrifugal, if towards the sides of the fruit : 
those embryos are called wandering, or vagi, which have no 
evident direction. 

The cotyledons are generally straight, and placed face to 
face ; but there are numberless exceptions to this. Some are 
separated by the intervention of albumen (Plate VI. fig. 11.) ; 
others are naturally distant from each other without any 
intervening substance. Some are straight, some waved, 
others arcuate or spiral. When they are folded with their 
back upon the radicle, they are called incumbent; if their 
edges are presented to the same part, they are accumbent ; 
terms chiefly used in speaking of Cruciferze. 


15. Of Naked Seeds. 


By naked seeds has been understood, by the school of Lin- 
neeus, small seed-like fruit, like that of Labiate, Boraginez, 
grasses, and Cyperacese. But as these are distinctly covered 
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by pericarps, as has been shown above, the expression in the 
sense of Linnzus is obviously incorrect, and is now abandoned. 
Hence it has been inferred that there is no such thing in 
existence as a naked seed; that is to say, a seed which bears 
on its own integuments the organ of impregnation. To this 
proposition botanists had assented till the year 1825, when 
Brown demonstrated the existence of seeds strictly naked; 
that is to say, from their youngest state destitute of pericarp, 
and receiving impregnation through their integuments without 
the intervention of style or stigma, or any stigmatic apparatus. 
That most learned botanist has demonstrated that seeds of this 
description are uniform in Coniferae and Cycadeee, in which 
no pericarpial covering exists. But we have no knowledge at 
present of such an economy obtaining in other plants, as a 
constant character. It does, however, happen, as the same 
observer has pointed out, that in particular species the ovary 
is ruptured at an early period by the ovules, which thus, when 
ripe, become truly naked seeds : remarkable instances of which 
occur in Ophiopogon spicatus, Leontice thalictroides, and 
Peliosanthes ‘Teta. 
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CHAPTER III. 


OF THE COMPOUND ORGANS IN FLOWERLESS PLANTS. 


We have now passed in review all the different organs which 
exist in the most perfectly formed plants; that is to say, in 
those whose reproduction is provided for by the complicated 
apparatus of sexes and of fertilising organs. Let us next 
proceed to consider those lower tribes, some of which are 
scarcely distinguishable from animals, where there is no evi- 
dent trace of sexes, in which nothing constructed like seeds 
is to be detected, and which seem to have no other provision 
made for the perpetuation of their races than a dissolution 
of their cellular system. In what I may have to say about 
them, I shall not, however, do any thing more than give 
a mere enumeration and description of their organs. All 
speculative considerations are in this case left out of view: 
those who wish to be informed upon such points may consult 
the “Introduction to the Natural System of Botany.” 


1. Ferns. 


Filices, or ferns, are plants consisting of a number of 
leaves or fronds, as they are called, attached to a stem which 
is either subterraneous or lengthened above the ground, some- 
times rising like a trunk to a considerable height. ‘They are 
the largest of known vegetables in which no organs of fructi- 
fication analogous to those of phzenogamous plants have been 
discovered. ‘Their petioles, or stipes (rachis, W.; peridroma, 
Necker), consist of sinuous strata of indurated, very compact, 
fibrovascular tissue, connected by cellular matter; and the 
wood of those which have arborescent trunks is formed by the 
cohesion of the bases of such petioles round a hollow or solid 
cellular axis. ‘The organs of reproduction are produced from 
the back or under side of the leaves. In Polypodiacee, or 
what are more commonly called dorsiferous ferns, they or’- 
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ginate, either upon the cuticle or from beneath it, in the form 
of spots, at the junctions, margins, or extremities of the veins. 
As they increase in growth they assume the appearance of 
small heaps of granules, called sorz ; if examined beneath the 
microscope these granules, commonly called capsules, thece, spo- 
rangia, or conceptacles, are found to be little brittle compressed 
bags formed of cellular membrane, partially surrounded by a 
thickened longitudinal ring (gyrus, annulus, gyroma), which at 
the vertex loses itself in the cellularity of the membrane, and 
at the base tapers into a little stalk: the thecee burst with 
elasticity by aid of their ring, and emit minute particles named 
sporules, from which new plants are produced; as from 
seeds, in vegetables of a higher order. Interspersed with these 
thecze are often intermixed articulated hairs; and, in those 
genera in which the theca originate beneath the cuticle, the 
sori, when mature, continue covered with the superincumbent 
portion of the cuticle, which is then called the indusium or 
involucrum (membranula, Necker; glandule squamose, Guet- 
tard). In Trichomanes and Hymenophyllum the thece are 
seated within the dilated cup-like extremities of the lobes of 
the frond, and are attached to the vein which passes through 
their axis, which is then called their receptacle. In another 
tribe, called Gleichenee, the thecze have a transverse complete, 
instead of a vertical incomplete ring, and they are nearly 
destitute of stalks ; in a third tribe the sori occupy the whole 
of the under surface of the leaf, which becomes contracted, and 
wholly alters its appearance: the thecee have no ring, and the 
cellular tissue of their membrane is not reticulated, but ra- 
diates regularly from the apex. 

In these plants it has been in vain endeavoured to discover 
traces of organs of fecundation. Nevertheless, as it was diffi- 
cult for sexualists to believe that plants of so large a size were 
destitute of such organs, it has been considered indispensable 
that they should be found; and, accordingly, while all seem 
to agree in considering the thecze as female organs, a variety 
of other parts have been dignified by the title of male organs: 
thus, Micheli and Hedwig found the latter in certain stipitate 
glands of the leaf; Steehelin, Hill, and Schmidel, in the 
elastic ring; Keelreuter, in the indusium; Gleichen, in the 


992, ORGANOGRAPHY. BOOK I. 


stomates; and Von Martius, in certain membranes enclos- 
ing the spiral vessels. None of these opinions are now 
adopted. 

In Ophioglosseze, a remarkable tribe of ferns, the fertile 
leaf is rolled up in two lines parallel with its axis or midrib, 
and at maturity opens regularly by transverse valves along 
its whole length, emitting a fine powder, which, when magni- 
fied, is found to consist of particles of the same nature as the 
sporules found in the thecee of other ferns; here there are no 
thecze, the metamorphosed frond probably performing their 
functions. Such is my view of the structure of Ophioglossex ; 
but by other botanists it is described as a dense spike of two- 
valved capsules, dehiscing transversely. 


2. Lquisetacee. 


In these plants, which may, perhaps, be more properly con- 
sidered the lowest form of flowering plants, the organs of 
‘reproduction are arranged in a cone, consisting of scales 
bearing on their lower surface an assemblage of cases, called 
thece, folliculi, or involucra, which dehisce longitudinally in- 
wards. In these thecze are contained two sorts of granules ; 
the one very minute and lying irregularly among a larger 
kind, each of which is wrapped in two filaments, fixed by their 
middle, rolled spirally, having either extremity thickened, and 
uncoiling with elasticity. By Hedwig the apex of the larger 
granules was supposed to be a stigma, and the thickened ends 
of the filaments anthers, the small granules being the pollen. 
At any rate it is certain that the larger granules, round which 
the elastic filaments are coiled, are the reproductive particles. 


3. Lycopodiacee. 


These are leafy plants with the habit of gigantic mosses. 
Their leaves and stem have the same structure as those plants, 
except that the former are sometimes provided with stomates, 
and the latter with vessels. ‘Their organs of reproduction 
are of two kinds: the one kidney-shaped two-valved cases, 
called thece, conceptacles, or capsules, destitute of internal 
divisions, and filled with minute powder-like granules, which, 
in consequence of lateral compression, from being spherical, 
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acquire the figure of irregular polygons; the other three- 
or four-valved thecee, of a similar appearance, containing 
three or four roundish fleshy bodies, each of which is at 
least fifty times larger than the granules contained in the 
first kind of theca, and is said by Brotero to burst with 
elasticity, — an observation which requires verification. The 
first kind of theca is found in all species of Lycopodiacee ; 
the second is only found simultaneously in a few. The con- 
tents of both are believed to be sporules; but no satisfactory 
explanation has yet been offered of the cause of their differ- 
ence in size, and probably also in structure. I would suggest 
that the powder-like grains are true sporules, and that the 
large ones are buds or viviparous organs, as has already been 
stated by Haller and Willdenow. A writer in the “ 'Transac- 
tions of the Linnean Society” has figured and described the 
growth of the larger grains of Lycopodium denticulatum, 
and he considers that they exhibit the germination of a dico- 
tyledonous plant; but, independently of any mistrust which 
may attach to the account, it is obvious enough that his own 
drawings and description represent a mode of germination 
analogous, not to that of dicotyledons, but rather to that of 
monocotyledons, but also reducible to the laws which govern 
the incipient vegetation of a bud. : 

The powder-like sporules are inflammable, and have been 
supposed by Haller, Linnzeus, and others to be pollen, while 
the larger have been considered seeds; and to a part of the 
surface of the theca the office of stigma has been attributed. 
The thecze themselves have been fancied to be male apparatus 
by Keelreuter and Geertner. 


A. Marsileacee. 


This very curious little order consists of plants differing 
from each other so much, that, although consisting of only 
four genera, it is necessary to subdivide it into two distinct 
tribes. As I have never had an opportunity of examining 
these plants in a fresh state, I beg to cite the observations of 
Adolphe Brongniart, who appears to have given them an 
especial attention. 

In Marsileaceze, properly so called, says this botanist, 
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which consist of the two genera, Marsilea and Pilularia, we 
remark at the base of the leaves certain involucres of a cori- 
aceous, thick substance, and either indehiscent or opening 
into several valves, divided internally into cells- by mem- 
branous dissepiments. Each of these cells contains two 
other cells, inserted on a part of its inner coating: of these 
one sort is ovaries, or rather grains, composed of an external 
transparent membrane which swells with humidity, and be- 
comes a thick layer of gelatinous substance; the other is an 
internal, hard, and coriaceous membrane, of a yellow colour, 
and indicating on its surface a particular point, through which 
the embryo is protruded upon being developed. The other 
organs are more numerous, and consist of membranous bags, 
slightly swelling from humidity, opening at the summit, and 
enclosing in the middle of a gelatinous mucus many spherical 
globules, which are much smaller than the grains. Their 
leaves develope in a gyrate manner, like ferns. 

In the second section of this order, to which the name 
Salviniese may be given, and which consists of the genera 
Salvinia and Azolla, we find at the base of the leaves mem- 
branaceous involucres of two sorts, and containing different 
organs. One kind includes a bunch of cases (sporangia, 
Martius), containing only one grain in Salvinia, and from six 
to nine in Azolla. ‘The integument of these cases is thin, 
reticulated, brownish, and does not swell in water like that of 
true Marsileaceze: the pedicel which supports them appears, 
in Salvinia, to communicate laterally with the case. The 
other involucres, which are supposed to be male organs, have 
a very complex structure, and have been well observed by 
Brown. In Salvinia they contain a great number of spherical 
granules, attached by long pedicels to a central column : these 
granules are much smaller than the grains; their surface is 
reticulated in like manner, and they do not burst by the 
action of water. All the species are floaters, and their leaves 
are not gyrate when developing, but are more like those of 
Lycopodiaceze. Thus far Brongniart; see also Martius, Ic. Pl. 
Crypt. Bras. for many curious additional observations. 

With respect to the nature of these two kinds of grains or 
granules, it has been thought, as is obvious from the foregoing 
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remarks, that the smaller are males and the larger females ; 
which has been supposed to be proved by the experiments of 
Savi of Pisa. This observer introduced into different vessels, 
1. the granules; 2. the grains; and, 3. the two intermixed. 
In the two first nothing germinated ; in the third the grains 
floated to the surface and developed themselves perfectly. 
These observations have, however, been repeated by Duver- 
noy without the same result. And it must be remarked that, 
if the functions of these grains and granules be what has been 
attributed to them, the male power of action and the female 
powers of reception cannot exist till both are discharged from 
the membranes or involucra, in which they are contained and 
placed in contact in water. Is it impossible that the granules 
or supposed male organs should be only grains. in an imper- 
fectly developed condition ? 


5. Mosses and Andreacee. 


In the structure of these plants neither vessels nor woody 
tissue are employed; and from henceforward those organs 
disappear from the structure of all the tribes to be 
noticed. ‘Their stem consists of elongated cellular tissue, 
from which arise leaves composed, in like manner, entirely of 
- cellular tissue without woody tissue; the nerves, as they are 
called, or, more properly speaking, ribs, which are found in 
many species, being formed by the approximation of cellules 
more elongated than those that constitute the principal part 
of the leaf. ‘The leaves are usually a simple lamina; but in 
Polytrichum and a few others they are furnished with little 
plates called lamellz, running parallel with the leaf, and ori- 
ginating from the upper surface. At the summit of some of 
the branches of many species are seated certain organs, which 
are called male flowers, but the true nature of which is not 
understood. ‘They are possibly organs of reproduction of a 
particular kind, as both Mees and Haller are recorded to have 
seen them produce young plants. 

Agardh says they have only the form of male organs; and 
that they really appear to be gemmules. By Hedwig they 
were called spermatocystidia. : 

But, whatever may be the nature of these organs, there is 
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no doubt of the reproductive functions of the contents of what 
is named the theca or capsule, which is a hollow urn-like body, 
containing sporules: it is usually elevated on a stalk, named 
the seta, with a bulbous base, surrounded by leaves of a dif- 
ferent form from the rest, and distinguished by the name of 
perichetial leaves. If this theca be examined in its youngest 
state, it will be seen to form one of several small sessile ovate 
bodies ( pistillidia, Agardh; prosphyses, Ehrhart; adductores, 
Hedwig), enveloped in a membrane tapering upwards into a 
point; when abortive they are called paraphyses. In process 
of time the most central of these bodies swells, and bursts its 
membranous covering, of which the greatest part is carried 
upwards on its point, while the seta on which the theca is sup- 
ported lengthens. ‘This part, so carried upwards, is named 
the calyptra: if it is torn away equally from its base, so as to 
hang regularly over the theca, it is said to be mitriform ; but 
if it is ruptured on one side by the expansion of the theca, 
which is more frequently the case, it is denominated dimidiate, 
When the calyptra has fallen off or is removed, the theca is 
seen to be closed by a lid terminating in a beak or rostrum: 
this lid is the operculum, and is either deciduous or persistent. 
If the interior of the theca be now investigated, it will be 
found that the centre is occupied by an axis, called the co- 
lumella ; and that the space between the columella and the 
sides of the theca is filled with sporules. The brim of the 
theca is furnished with an elastic external ring, or annulus, 
and an interior apparatus, called the peristomium: this is 
formed of two distinct membranes, one of which originates 
in the outer coating of the theca, the other in the inner coat; 
hence they are named the outer and inner peristomia. The 
nature of the peristomium is practically determined at the 
period of the maturity of the theca. At this time both mem- 
branes are occasionally obliterated ; but this is an unfrequent 
occurrence : sometimes one membrane only remains, either 
divided into divisions, called teeth, which are always some 
multiple of four, varying from that number as high as eighty, 
or stretching across the orifice of the theca, which is closed up 
by it; this is sometimes named the tympanum. Most fre- 
quently both membranes are present, divided into teeth, from 
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differences in the number or cohesion of which the generic 
characters of mosses are in a great measure formed. For 
further information upon the peristomium I must refer to 
Brown’s remarks upon Lyellia, in the 12th volume of the 
Linnean Transactions. | 

The interior of the theca is commonly unilocular; but in 
some species, especially of Polytrichum, it is separated into 
several cells by dissepiments originating with the columella. 

If at the base of the theca there is a dilatation or swelling 
on one side, this is called a struma ; if it is regularly lengthened 
downwards, as in most of the Splachnums, such an elongation 
is called an apophysis. 

In Andreeacee the theca is not an urn-like case, but splits 
into four valves, cohering by the operculum and base. 

From the foregoing description, it will be apparent that the 
organs of reproduction of mosses cannot be said to be analo- 
gous to the parts of fertilisation of perfect plants. I must 
not, however, omit the opinion of other botanists upon this 
subject. The office of males has been supposed by Micheli 
to be performed by the paraphyses; by Linnzeus and Dille- 
nius, by the thecze; by Palisot de Beauvois, by the sporules ; 
by Hull, by the peristomium ; by Keelreuter, by the calyptra ; 
by Geertner, by the operculum; and, finally, Hedwig has 
supposed the males to be the staminidia. The female organs 
were thought by Dillenius and Linnzeus to be assemblages of 
staminidia; by Micheli and Hedwig, the young thece ; and, 
by Palisot de Beauvois, the columella. 

For some suggestions as to the analogy that is borne 
between the organs of mosses and of other plants, see Mor- 
PHOLOGY hereafter. 


6. Jungermanniacee and Hepatice. 


These differ remarkably from each other in the modi- 
fications of their organs of reproduction, while they have a 
striking resemblance in their vegetation. This latter, which 
bears the name of frond or thallus, is either a leafy branched 
tuft, as in mosses, with the cellular tissue particularly large, 
and the leaves frequently furnished with lobes, and appendages 
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at the base, called stipule or amphigastria ; or a sinuous flat 
mass of green vegetable matter lying upon the ground. 

In Jungermannia, that part which is most obviously con- 
nected with the reproduction of the plant, and which bears an 
indisputable analogy to the theca of mosses, is a valvular 
brown case, called the capsule or conceptacle (sporocarpium), 
elevated upon a white cellular tender seta, and originating 
from a hollow sheath or perichzetium arising among the leaves. 
This conceptacle contains a number of loose sviral fibres 
(elaters), enclosed in membranous cases, among which sporules 
lie intermixed: when fully ripe, the membranous case usually 
disappears, the spiral fibres, which are powerfully hygro- 
metic, uncurl, and the sporules are dispersed. When young, 
the conceptacle is enclosed in a membranous bag, which it 
ruptures when it elongates, but which it does not carry 
upwards upon its point, as mosses carry their calyptra. This 
part, nevertheless, bears the latter name. 

Besides the conceptacles of Jungermannia, there are two 
other parts which are thought to be also intended for the 
purpose of reproduction: of these one consists of spherical 
bodies, scattered over the surface of some parts of the frond, 
and containing a granular substance; the other is a hollow 
pouch, formed out of the two coats of a flat frond, and produc- 
ing from its inside, which is the centre of the frond, numerous 
granulated round bodies which are discharged through the 
funnel-shaped apex of the pouch. 

There are also other bodies situated in the axillz of the 
pericheetial leaves, called anthers (or spermatocystidia, by 
Hedwig, and staminidia, by Agardh), which “are externally 
composed of an extremely thin, pellucid, diaphanous mem- 
brane,” — “ within they are filled with a fluid, and mixed 
with a very minute granulated substance, generally of an 
olivaceous or greyish colour: this, when the anther has 
arrived at a state of maturity, escapes through an irregularly 
shaped opening, which bursts at the extremity.” Von Mar- 
tius suspects them to be analogous to the sporangia of Azolla. 

In Monoclea and Targionia organs very analogous to those 
of Jungermannia are formed for reproduction. 

In Marchantia the frond is a lobed flat green substance, 
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not dividing into leaves and stems, but lying horizontally upon 
the ground, and emitting roots from its under surface. The 
organs of reproduction consist, firstly, of a stalked fungus-like 
receptacle, carrying on its apex a calyptra, and bearing thece 
on its under side; secondly, of a stalked receptacle, plane on 
the upper surface, with oblong bodies imbedded vertically in 
the disk, and called anthers; thirdly, “of little open cups 
(cystule), sessile on the upper surface of the fronds, and con- 
taining minute green bodies (yemme), which have: the power 
of producing new plants.” The first kind is usually con- 
sidered a female flower, its sporules intermixed with elaters : 
the second male, and the third viviparous apparatus. In 
the opinion of many modern botanists, the granules of both 
the two first are sporules: about the function of the last there 
is no difference of opinion. Mirbel considers the first to be 
male and: female; but it must be confessed that in structure 
there is but little analogy between them and the organs of 
more perfect plants. 

In Anthoceros, while the vegetation is the same as in Mar- 
chantia, the organs of reproduction are very different. They 
consist of a subulate column, issuing from a pericheetium 
perpendicular to the frond, and opening halfway into two 
valves, which discover, upon opening, a subulate columella, 
to which sporules. are attached without any elaters. There 
are also cystulee upon the frond, in which are enclosed pedi- 
eellate, reticulated bodies, called anthers. 

Spherocarpus consists of a delicate roundish frond, on the 
surface of which are clustered several cystulee, each of which 
contains a transparent spherule filled with sporules. 

In Riccia the spherules are not surrounded by eystule, but 
immersed in the substance of the frond. 


7. Lichens. 


These have a lobed frond or thallus, the inner substance 
of which consists wholly of reproductive matter, that breaks 
through the upper surface in certain forms, which have 
been called fructifieation. These forms are twofold; firstly, 
shields or scutella, which are little coloured cups or lines with 
a hard disk, surrounded by a rim, and containing asci, or 
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tubes filled with sporules; and, secondly, soredia, which are 
heaps of pulverulent bodies scattered over the surface of the 
thallus. ‘The nomenclature of the parts of lichens has been 
excessively extended beyond all necessity: it is, however, 
absolutely indispensable that it should be fully understood by 


those who wish to read the systematic writers upon the 


subject : — 

1. Apothecia, are shields of any kind. 

2. Perithecium, is the part in which the asci are immersed. 

3. Hypothecium, the substance that surrounds, or overlies 
the perithecium, as in Cladonia. 

4, Scutellum, is a shield with an elevated rim, formed by the 
thallus. Orbilla is the scutellum of Usnea. 

5. Pelta, is a flat shield without any elevated rim, as in the 


15. 


genus Peltidea. 


. Tuberculum, or cephalodium, is a convex shield without an 


elevated rim. 


. Trica, or Gyroma, is a shield, the surface of which is 


covered with sinuous concentric furrows. 
Lirella, is a linear shield, such as is found in Opegrapha, 
with a channel along its middle. 


. Patellula, an orbicular sessile shield, surrounded by a rim 


which is part of itself; and not a production of the thal- 
lus, as in Lecidea. D. C. 


. Globulus, a round deciduous shield, formed of the thallus, 


and leaving a hollow when it falls off, as in Isidium. D. C. 


. Pilidium, an orbicular hemispherical shield, the outside of 


which changes to powder, as in Calycipm. D. C. 


. Podetia, the stalk-like elongations of the thallus, which 


support the fructification in Cenomyce. 


. Scypha (oplarium, Neck.), is a cup-like dilatation of the 


podetium, bearing shields on its margin. 


. Soredia (globuli, glomeluri), are heaps of powdery bodies 


lying upon any part of the surface of the thallus; the 
bodies of which the soredia are composed are called 
conidia by Link, and propagula by others. 

Cystula, or Cistella, a round closed apothecium, filled with 
sporules, adhering to filaments which are arranged like 
rays around a common centre, as in Spheerophoron. 
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16. Pulviluni, are spongy, excrescence-like bodies, sometimes 
rising from the thallus, and often resembling minute 
trees, as in Parmelia glomulifera. Greville. 

17. Cyphelle, are pale tubercle-like spots on the under surface 
of the thallus, as in Sticta. Grev. 

18. Lacune, are small hollows or pits on the upper surface of 
the thallus. Grev. 

19. Nucleus proligerus, is a distinct cartilagmous body, coming 
out entire from the apothecia, and containing the spo- 
rules. Grev. 

20. Lamina proligera, is a distinct body containing the 
sporules, separating from the apothecia, often very convex 
and variable in form, and mostly dissolving into a gela- 
tinous mass. Grev. 

21. Fibrille, are the roots. 

22. Excipulus, is that part of the thallus which forms a rim 
and base to the shields. 

23. Nucleus, is the disk of the shield which contains the 
sporules and their cases. 

24. Asci, are tubes, in which the sporules are contained while 
in the nucleus. 

25. Thallodes, is an adjective used to express an origin from 
the thallus: thus, margo thallodes signifies a rim formed 
by the thallus, exe¢pulus thallodes a cup formed by the 
thallus. 

26. Lorulum, is used by Acharius to express a filamentous, 
branched thallus. 

27. Crusta, is a brittle crustaceous thallus. 

28. Gongyli, are the Granules contained in the shields, and 
have been thought to be the sporules by which lichens 
are propagated : but this is doubted by Agardh. 


8. Alge and Characee. 


These, with fungi, constitute the lowest order of vegetable 
developement: they vary in size from mere microscopic ob- 
jects to a large size, and are composed of cellular tissue in 
various degrees of combination ; some are even apparently ani- 
mated, and thus form a link between the two great kingdoms 
of organised matter. Their sporules are either scattered 
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through the general mass of each plant, or collected in cer- 
tain places which are more swollen than the rest of the stem, 
and sometimes resemble the pericarpia of perfect plants. 
The terms used in speaking of the parts of Algz are the 
following : — 


1. 


14. 


. Pseudohymenium ; 
. Pseudoperidium ; 


Gongylus ; a round hard body, which falls off the mother 
plant, and produces a new individual: this is found in 


Fuci. W. 


. Thallus ; the plant itself. 
. Apothecia; the cases in which the organs of reproduction 


are contained. 


. Peridiolum, Fr.; the membrane by which the sporules are 


immediately covered. 


. Granula ; large sporules, contained in the centre of many 


Algze; as in Gloionema of Greville. Crypt. fi. 6. 30. 


coverings of sporidia as resemble 
in figure the parts named _ peri- 
thecium, hymenium, and peridium in other plants: see 
those terms. 


. Pseudoperithecium ; } terms used by Fries to express such 


. Sporidia; granules which resemble sporules, but which 


are of a doubtful nature. It is in this sense that Fries 
declares that he uses the word: vide Plant. homonom. 
p- 294. They are also called Spore. 


. Phycomater, Fries; the gelatine in which the sacle of 


Byssaceze first SoBe Avg 


. Vesicule ; inflations of the thallus, filled with air, by means 


of which the plants are enabled to float. 


. Hypha, Wailld.; the filamentous, fleshy, watery thallus of 


Byssaceeze. 


. Nucula ; one of the apothecia of Characeze ; described by 


Greville to be a sessile, oval, solitary, spirally striated 
body, with a membranous covering, and the summit 
indistinctly cleft into five segments containing sporules. 

Globules ; the second organ of Characeze; the excellent 
observer last quoted describes it as a minute round body 
of a reddish colour, composed externally of a number of 
triangular (always? ) scales, which separate, and produce 
its dehiscence. The interior is filled with a mass of 
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elastic, transversely undulated filaments. The scales are 
composed of radiating hollow tubes, partly filled with 
minute coloured granules, which freely escape when the 
tubes are injured: their nature is wholly unknown, and, 
I believe, hitherto unnoticed. 

15. Coniocysta ; tubercle-like closed apothecia, containing a 
mass of sporules. 


9. Fungi. 


The structure of these plants is yet more simple than that 
of Alga, consisting of little besides cellular tissue, among 
which sporules lie scattered. Some, of the lowest degree of 
developement, are composed only of a few cellules, of which 
one is larger than the rest, and contains the sporules ; others 
are more highly compounded, consisting of myriads of cellules, 
with the sporules lying in cases, or asct. Notwithstanding the 
extreme simplicity of these plants, writers upon fungi have 
contrived to multiply the terms relating to them in a remark- 
able manner. The following are all with which I am ac- 
quainted : — 

1. The pileus, or cap, is the uppermost part of the plant of 
an Agaricus, and resembles an umbrella in form. 

2. 'The stipes, is the stalk that supports the pileus. 

3. The volva, or wrapper, is the involucrum-like base of the 
stipes of Agaricus. It originally was a bag enveloping 
the whole plant, and was left at the foot of the stipes 
when the plant elongated and burst through it. 

A. The velum, or veil, is a horizontal membrane, connecting 
the margin of the pileus with the stipes: when it is 
adnate with the surface of the pileus, it is a velum 
universale ; when it extends only from the margin of the 
pileus to the stipes, it is a velum partiale. 

5. The annulus, is that part of the veil which remains next 
the stipes, which it surrounds like a loose collar. 

6. Cortina, is a name given to a portion of the velum which 
adheres to the margin of the pileus in fragments. 

7. The hymenium, is the part in which the sporules imme- 
diately lie; in Agaricus, it consists of parallel plates, 
called lamelle, or gills; these are adnate with the stipes, 
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when the end next it cohere with it: when they are 
adnate, and at the same time do not terminate abruptly 
at the stipes, but are carried down it more or less, they 
are decurrent; if they do not adhere to the stipes, they 
are said to be free. 


8. Stroma, is a fleshy body to which flocci are attached; as 


in Isaria and Cephalotrichum. 


9. Flocci, are woolly filaments found mixed with sporules in 


10. 


il. 
12. 


13. 


14, 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


25. 


the inside of many Gastromyci. ‘The same name is 
also applied to the external filaments of Byssacez. 

Orbiculus, is a round flat hymenium contained within the 
peridium of some fungi; as Nidularia. VW. 

Nucleus, is the central part of a perithecium. 

Sporangium, is the external case of Lycoperdon and its 
allies. 

Sporangiola, are cases containing sporidia. 

Perithecium, is a term used to express the part which 
contains the reproductive organs of Spheeria and its 
co-ordinates. 

Peridium, is also a kind of covering of sporidia; peridio- 
lum is its diminutive. 

Ostiolum, is the orifice of the perithecium of Spheeria. 

Spherula, is a globose peridium, with a central opening 
through which sporidia are emitted, mixed with a gela- 
tinous pulp. 

Capillitium, is a kind of purse or net, in which the sporules 
of some fungi are retained; as in ‘Trichia. W. 
Trichidium, or pecten, is a tender, simple, or sometimes 
branched hair, which supports the sporules of some 
fungi; as Geastrum. W. 

Asci, are the tubes in which the sporidia are placed; 
ascelli or thece are the same thing. 

Sporidia, are the immediate covering of sporules; spo- 
ridiola, are sporules. 

Thallus, or thalamus, is the bed of fibres from which many 
fungi arise. 

Mycelia, are the rudiments of fungi, or the matter from 
which fungi are produced. 
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BOOK II. 


PHYSIOLOGY; OR, PLANTS CONSIDERED IN A STATE 
OF ACTION. 


GENERAL CONSIDERATIONS. 


We have thus far considered plants as inert bodies, having 
certain modifications of structure, and formed upon a plan, 
the simplicity and uniformity of which is among the most 
beautiful proofs of the boundless power and skill of the Deity. 

Our next business is to enquire into the nature of their 
vital actions, and to consider those phenomena in which the 
analogy that undoubtedly exists between plants and animals 
is most striking; in a word, to make ourselves acquainted 
with the exact nature of the laws of vegetable life. 

In explaining these things, it is not my purpose to notice all 
_ the different speculations that ingenious men have from time 
to time brought forward: for this would be incompatible with 
the plan of my work, and would be far more curious than 
useful. On the contrary, I propose, in the first place, to give 
a summary exposition of the principal phenomena of vegeta- 
tion, and then to support the statement by a detailed account 
of the more important proofs of all doubtful points. 

In this I have been most materially assisted by the Physio- — 
logie Végétale of De Candolle, a work of which it is difficult to 
speak in terms of sufficient eulogy, but which I feel quite 
justified in describing as the most important production on 
the subject of Vegetable Physiology, since the appearance of 
the Physique des Arbres of Duhamel. 


If we place a seed —that of an apple for instance — in 
earth at the temperature of 32° Fahr., it will remain inactive 
till it finally decays. But if it is placed in moist earth above 
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the temperature of 32°, and screened from the action of light, 
its integument gradually imbibes moisture and swells, the 
tissue is softened, and acquires the capability of stretching, 
oxygen is absorbed, carbonic acid expelled, nutritious food for 
the young parts is prepared by the conversion of starch into 
sugar, and the vital action of the embryo commences. It 
lengthens downwards by the radicle, and upwards by the 
cotyledons; the former penetrating the soil, the latter elevat- 
ing themselves above it, acquiring a green colour by the 
deposition of the carbon they absorb from the atmosphere, and 
unfolding in the form of two opposite roundish leaves. This 
is the first stage of vegetation: the young plant consists of 
little more than cellular tissue; only an imperfect develope- 
ment of vascular and fibrous tissue being discoverable, in the 
form of a sort of cylinder, lying just in the centre. The 
part within the cylinder, at its upper end, is now the pith, 
without it the bark; while the cylinder itself is the prepara- 
tion for the medullary sheath, and consists of vertical fibres 
passing through and separated by cellular tissue. 

The young root is now lengthening at its point, and 
absorbing from the earth its nutriment, which passes up to the 
summit of the plant by the cellular substance of the pith, and 
is thence impelled into the cotyledons, where it is aérated 
and evaporated, and urged upwards against the growing 
point or plumule: such of it as is not fixed in the cotyledons 
passes down through the bark into the root. 

Forced onwards by the current of sap, which is continually 
impelled upwards from the root, the plumule next ascends in 
the form of a little twig, at the same time sending roots 
downwards in the centre of the radicle, in the form of fibres, 
which become the earliest portion of wood that is deposited: 
these fibres, by their action, now compel the root to emit 
little ramifications. Previously to the elongation of the 
plumule its point has acquired the rudimentary state of a leaf: 
this latter continues to develope as the plumule elongates, until, 
when the first internode of the latter ceases to lengthen, the 
leaf has actually arrived at its complete formation. When 
fully grown it repeats in a much more perfect manner the 
functions previously performed by the cotyledons: it aérates 
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the sap that it receives, and returns the superfluous portion 
of it downwards through the bark to the root; it also sends 
fibres down between the medullary sheath and the bark, thus 
forming the first stratum of wood in the new stem. During 
these operations, while the plumule is ascending, its leaf form- 
ing and acting, and the woody matter created by its descend- 
ing, the cellular tissue of the stem is forming, and expanding 
horizontally to make room for the new matter forced into it; 
so that developement is going on simultaneously both in 
a horizontal and perpendicular direction. This process may 
not inaptly be compared to that of weaving, the warp being 
the perpendicular, and the weft the horizontal, formation. In 
order to enable the leaf to perform its functions of aération 
completely, it is traversed by veins originating in the pith, and 
has delicate pores (stomates), which communicate with a 
highly complex pneumatic system that extends to almost 
every part of the plant. 

Simultaneously with the descent of fibres downwards from 
the leaf, the emission of young roots, and their increase by 
addition to the cellular substance of their points, take place. 
They thus are made to bear something like a definite propor- 
tion to the leaves they have to support, and with which they 
must of necessity be in direct communication, 

After the produetion of its first leaf by the plumule, others 
are successively produced around the axis at its growing 
point, all constructed alike, connected with the stem or axis 
in the same manner, and performing precisely the same func- 
tions as have been just described. At last the axis ceases to 
lengthen; the old leaves gradually fall off; the new leaves, 
instead of expanding after their formation, retain their rudi- 
mentary condition, harden, and fold over one another, so as 
to be a protection to the delicate point of growth; or, in 
other words, become the scales of a bud. We have now a 
shoot with a woody axis, anda distinct pith and bark; and 
of a more or less conical figure. At the axil of every leaf 
a bud had been generated during the growth of the axis; so 
that the shoot, when deprived of its leaves, is covered from end 
to end with little, symmetrically arranged, projecting points, 
which are the buds. The cause of the figure of the perfect 
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shoot being conical is, that, as the wood originates from the 
base of the leaves, the lower end of the shoot, which has the 
greatest number of strata, because it has the greatest number 
of leaves above it, will be the thickest; and the upper end, 
which has had the fewest leaves to distend it by their deposit, 
will have the least diameter. ‘Thus that part of the stem 
which has two leaves above it will have wood formed by two 
successive deposits; that which has nine leaves above it will 
have wood formed by nine successive deposits; and so on: 
while the growing point, as it can have no deposit of matter 
from above, will have no wood, the extremity being merely 
covered by the rudiments of leaves hereafter to be developed. 

If at this time a cross section be examined, it will be found 
that the interior is no longer imperfectly divided into two 
portions, namely, pith and skin, as it was when first ex- 
amined in the same way, but that it has distinctly two, internal, 
perfect, concentric lines, the outer indicating a separation of 
the bark from wood; and the inner, a separation of the wood 
from the pith: the latter, too, which in the first observation 
was fleshy, and saturated with humidity, is become distinctly 
cellular, and altogether or nearly dry. 

With the spring of the second year and the return of 
warm weather vegetation recommences. 

The uppermost, and perhaps some other, buds which were 
formed the previous year gradually unfold, and pump up sap 
from the stock remaining in store about them ; the place of the 
sap so removed is instantly supplied by that which is next it ; 
an impulse is thus given to the fluids from the summit to the 
roots; fresh extension and fresh fibrils are given to the 
roots; new sap is absorbed from the earth, and sent upwards 
through the wood of last year ; and the phenomenon called the 
flow of the sap is fully completed, to continue with greater or 
less velocity till the return of winter. ‘The growing point 
lengthens upwards, forming leaves and buds in the same way 
as the parent shoot: in like manner also each bud sends down 
its roots, in the form of fibres within the bark and above the 
wood of the shoot from which it sprang; thus forming on the 
one hand a new layer of wood, and on the other a fresh 
deposit of bark. In order to facilitate this last operation, the 
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old bark and wood are separated in the spring by the exudation 
from both of them of the glutinous, slimy substance called 
cambium; which appears to be expressly intended, in the 
first instance, to facilitate the descent of the subcortical fibres 
of the growing buds ; and, in the second place, to assist in 
generating the cellular tissue by which the horizontal dilata- 
tion of the axis is caused, and which maintains a communica- 
tion between the bark and the centre of the stem. ‘These 
lines of communication have, by the second year, become suf- 
ficiently developed to be readily discovered, and are in fact 
the medullary rays spoken of in the last book. It will be 
remembered that there was a time when that which is now 
bark constituted a homogeneous body with the pith; and that 
it was after the leaves began to come into action that the 
separation which now exists between the bark and pith took 
place. At the time when they were indissolubly united they 
both consisted of cellular tissue, with a few spiral vessels upon 
the line indicative of future separation. When a deposit of 
wood was formed from above between them they were not 
wholly divided the one from the other, but the deposit was 
effected in such a way as to leave a communication by means 
of cellular tissue between the bark and the pith; and, as this 
formation is at all times cozetaneous -with that of the wood, 
the communication so effected between the pith and bark is 
quite as perfect at the end of the third year as it is at the 
beginning of the first; and so it will continue to be to the 
end of the growth of the plant. The sap which has been 
sucked into circulation by the unfolding leaves is exposed, as 
in the previous year, to the effect of air and light; is then re- 
turned through the petiole to the stem, and sent downwards 
through the bark, to be from it either conveyed to the root, 
or distributed horizontally by the medullary rays to the centre 
of the stem. At the end of the year the same phenomena 
occur as took place the first season: wood is gradually de- 
posited by slower degrees, whence the last portion is denser 
than the first, and gives rise to the appearance called the 
annual zones: the new shoot or shoots are prepared for winter, 
and are again elongated cones, as was the first; and this latter 
has acquired an inerease in diameter proportioned to the 
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quantity of new shoots which it produced, new shoots being 
to it now what young leaves were to it before. 

The third year all that took place the year before is 
repeated: more roots appear; sap is again absorbed by the 
unfolding leaves ; and its loss is made good by new fluids in- 
troduced by the roots and transmitted through the alburnum 
or wood of the year before; new wood and liber are deposited 
by matter sent downwards by the buds; cambium is exuded ; 
the horizontal developement of cellular tissue is repeated, but 
more extensively ; wood towards the end of the year is formed 
more slowly, and has a more compact character; and another 
ring appears indicative of this year’s increase. 

In precisely the same manner as in the second and third 
years of its existence will the plant continue to vegetate, till 
the period of its decay, each successive year being a repetition 
of the phenomena of that which preceded it. 

After a certain number of years the tree arrives at the 
age of puberty: the period at which this occurs is very uncer- 
tain, depending in some measure upon adventitious circum- 
stances, but more upon the idiosyncrasy, or peculiar constitu- 
tion of the individual. About the time when this alteration of 
habit is induced, by the influence of which the sap or blood of 
the plant is to be partially directed from its former courses 
into channels in which its force is to be applied to the pro- 
duction of new individuals rather than to the extension of 
itself; — about this time it will be remarked that certain of 
the young branches do not lengthen, as had been heretofore 
the wont of others, but assume a short stunted appearance, 
probably not growing two inches in the time which had been 
previously sufficient to produce twenty inches of increase. Of 
these little stunted branches, called spurs, the terminal bud 
acquires a swollen appearance, and at length, instead of giving 
birth to new leaves, produces from its bosom a cluster of 
flower-buds, or alabastri, which had been enwrapped and 
protected from injury during the previous winter by several 
layers of imperfect leaves, now brought forth as bracts. Sap 
is impelled into the calyx through the pedicel by gentle de- 
grees, is taken up by it, and exposed by the surface of its 
tube and segments to air and light; but, having very imperfect 
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means of returning, all that cannot be consumed by the calyx 
is forced onwards into the circulation of the petals, stamens, 
and pistil. The petals unfold themselves of a dazzling white 
tinged with pink, and expose the stamens; at the same time 
the disk changes into a saccharine substance, which nourishes 
the stamens and pistil, and gives them energy to perform 
their functions. 

At a fitting time, the stigmatic surface of the pistil being 
ready to receive the pollen, the latter is injected upon it from 
the anthers, which have remained in approximation to it for 
that particular purpose. When the pollen touches the stigma, 
the grains adhere firmly to it by means of its viscid surface, 
then emit a delicate membranous tube, which pierces into the 
stigmatic tissue, lengthens there, and conveys the vivifying 
matter contained in the pollen towards the ovules, which it finally 
enters by means of their foramen. ‘This has no sooner oc- 
curred than the ‘petals and stamens fade and fall away, their 
ephemeral but important functions being accomplished. All 
the sap which is afterwards impelled through the peduncle 
can only be disposed of to the calyx and ovary, where it 
lodges: both these swell and form a young fruit, which con- 
tinues to grow as long as any new matter of growth is supplied 
from the parent plant. After a certain period the juices of | 
the fruit cease to be increased by the addition of new matter, 
its surface performs the functions of leaves in exposing the 
juice to light and air; finally it ceases to decompose carbonic 
acid, gains oxygen in excess, loses its green colour, assumes 
the rich ruddy glow of maturity; the juices cease to be in- 
fluenced by light; the peduncle is no longer a passage for 
fluids, but dries up and becomes unequal to supporting the 
fruit, which at last falls to the earth. Here, if not destroyed 
by animals, it lies and decays: in the succeeding spring its 
seeds are stimulated into life, strike root in the mass of decayed 
matter that surrounds them, and spring forth as new plants to 
undergo all the vicissitudes of their parent. 

Such are the progressive phenomena in the vegetation, not 
only of the apple, but of all trees that are natives of northern 
climates, and of a large part of the herbage of the same coun- 
tries — modified, of course, by peculiarities of structure and 
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constitution: as in annual and herbaceous plants, and in those 
the leaves of which are opposite and not alternate; but all 
the more essential circumstances of their growth are the same 
as those of the apple tree. 

If we reflect upon these phenomena, our minds can scarcely 
fail to be deeply impressed with admiration at the perfect sim- 
plicity and, at the same time, faultless skill with which all the 
machinery is contrived upon which vegetable life depends. A 
few forms of tissue, interwoven horizontally and perpendicu- 
larly, constitute a stem; the development, by the first shoot 
that the seed produces, of buds which grow upon the same 
plan as the first shoot itself, and a constant repetition of the 
same phenomenon, cause an increase in the length and breadth 
of the plant; an expansion of the bark into a leaf, within 
which ramify veins proceeding from the seat of nutritive 
matter in the new shoot, the provision of air-passages in its 
substance, and of pores on its surface, enables the crude fluid 
sent from the root to be elaborated and digested until it be- 
comes the peculiar secretion of the species ; the contraction of 
a branch and its leaves forms a flower; the disintegration of 
the internal tissue of a petal forms pollen; the folding in- 
wards of a leaf is sufficient to constitute a pistil; and, finally, 
the gorging of the pistil with fluid which it cannot part with, 
causes the production of.a fruit. 

In hot latitudes there exists another race of trees, of which 
Palms are the representatives; and in the north there are 
many herbs, in which growth, by addition to the outside, is 
wholly departed from, the reverse taking place; that is to say, 
their diameter increasing by addition to the inside. As the 
seeds of such plants are formed with only one cotyledon, they 
are called monocotyledonous ; and their growth being from 
the inside, they are also named endogens. In these plants the 
functions of the leaves, flowers, and fruit are in nowise dif- 
ferent from those of the apple; their peculiarity consisting 
only in the mode of forming their stems. When a monocoty- 
ledonous seed has vegetated it usually does not disentangle its 
cotyledon from the testa, but simply protrudes the collum and 
the radicle; the cotyledon swelling, and remaining firmly 
encased in the seminal integuments. The radicle shoots 
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downwards to become root; and a leaf is emitted from the 
side of the collum. This first leaf is succeeded by another 
facing it, and arising from its axil; the second produces a 
third facing it, and arising also from its axil; and, in this 
manner, the production of leaves continues, until the plant, if 
caulescent, is ready to produce its stem. Up to this period 
no stem having been formed, it has necessarily happened that 
the bases of the leaves hitherto produced have been all upon 
the same plane; and as each has been produced from the 
bosom of the other without any such intervening space as 
occurs in dicotyledonous plants, it would be impossible for the 
matter of wood, if any was formed, to be sent downwards 
around the circumference of the plant: it would, on the con- 
trary, have been necessarily deposited in the centre. In point 
of fact, however, no deposit of wood like that of dicotyledons 
takes place, either now or hereafter. The union of the bases 
of the leaves has formed a fleshy stock, cormus, or plate, 
which, if examined, will be found to consist of a mass of 
cellular tissue, traversed by perpendicular and_ horizontal 
bundles of vascular and woody tissue, taking their origin in 
the veins of the leaves, of which they are manifest prolong- 
ations downwards; and there is no trace of bark, medullary 
rays, or central pith: the whole body being a mass of pith, 
woody and vascular tissue, mixed together. To understand 
this formation yet more clearly, consider for a moment the 
internal structure of the petiole of a dicotyledon: it is com- 
posed of a bundle or bundles of vascular tissue encased in 
woody fibre, surrounded on all sides with pith, or, which is 
the same thing, parenchyma. Now suppose a number of 
these petioles to be separated from their blades, and to be tied 
in a bunch parallel with each other, and, by lateral pressure, 
to be squeezed so closely together that their surfaces touch 
each other accurately, except at the circumference of the 
bunch. If a transverse section of these be made, it will 
exhibit the same mixture of bundles of woody tissue and par- 
enchyma, and the same absence of distinction between pith, 
wood, and bark, which has been noticed in the cormus, or 

plate, of monocotyledons. 
As soon as the plate has arrived at the necessary diameter 
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it begins to lengthen upwards, leaving at its base those leaves 
that were before at its circumference, and carrying upwards 
with it such as occupied its centre; at the same time, new 
leaves continue to be generated at the centre, or, as it must 
now be called, at the apex of the shoot. 

As fresh leaves are developed, they thrust aside to the cir- 
cumference those which preceded them, and a stem is by 
degrees produced. Since it has not been formed by additions 
made to its circumference by each successive leaf, it is not 
conical, as in dicotyledons; but, on the contrary, as its in- 
crease has been at the centre, which has no power to extend 
its limits, being confined by the circumference which, when 
once formed, does not afterwards materially alter in dimen- 
sions, it is, of necessity, cylindrical: and this is one of the 
marks by which a monocotyledon is often to be known in the 
absence of other evidence. ‘The centre being but little acted 
upon by lateral pressure, it remains loose in texture, and, until 
it becomes very old, does not vary much from the density 
acquired by it shortly after its formation; but the tissue of 
the circumference being continually jammed together by the 
pressure outwards of the new matter formed in the centre, in 
course of time becomes a solid mass of woody matter, the 
cellular tissue once intermingled with it being almost ob- 
literated, and appearing among the bundles it formerly 
surrounded, like the interstices around the minute pebbles of 
a mosaic gem. 

Such is the mode of growth of Palms, and of a great pro- 
portion of arborescent monocotyledons. But there are others 
in which this is in some measure departed from. In the 
common asparagus the shoots produce a number of lateral 
buds, which all develope and influence its form, as the buds of 
dicotyledons; so that the cylindrical figure of monocotyle- 
dons is exchanged for the conical; its internal structure is 
strictly endogenous. In grasses a similar conical figure pre- 
vails, and for the same reason; but they have this additional 
peculiarity, that their stem, in consequence of the great rapi- 
pidity of its growth, is fistular, with transverse phragmata at 
its nodes. It is not certain whether the subsequent internal 
growth of the stem is ever sufficient to fill up the central 
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cavity; but, from a specimen of a bamboo in my possession, I 
incline to think that the lower part of grass stems does some- 
times become filled up with solid matter. 

Upon one or other of the two plans now explained are all 
flowering plants developed; but in flowerless plants it is dif- 
ferent. In arborescent ferns the stem consists of a cylinder 
of hard sinuous plates, connected by parenchyma, and sur- 
rounding an axis usually hollow, but sometimes filled up with 
solid matter. It would seem, in these plants, as if the stem 
consisted of a mere adhesion of the petioles of the leaves in a 
single row, and that the stem simply lengthens at the point 
without transmitting woody matter downwards. Some valu- 
able observations upon this point have been made by Mohl, 
who has, however, been able only to investigate the anatomi- 
cal condition of tree fern stems, without studying their mode 
of growth. Lycopodiaceze equally increase by simple addi- 
tion to the point ; and as this seems also to be the plan upon 
which development takes place in other cryptogamic plants, I 
have proposed the term Acrogens, to distinguish the latter 
from Exogens and Endogens. 
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CHAPTER I. 


ELEMENTARY ORGANS. 


Tue general properties of the elementary organs are elasticity, 
extensibility, contractibility, and permeability to fluids or gaseous 
matter. ‘The first gives plants the power of bending to the 
breeze, and of swaying backwards and forwards without break- 
ing. Thesecond enables them to develope with great rapidity 
when it is necessary for them to do so, and also to give way to 
pressure without tearing. The third causes parts that have 
been overstrained to recover their natural dimensions when 
the straining power is removed, and it permits the mouths of 
wounded vessels to close up so as to prevent the loss of their 
contents. The fourth secures the free communication of the 
fluids through every part of a plant which is not choked up 
with earthy matter. 

The special properties of the elementary organs must be 
considered separately. 

That of these the CELLULAR TISSUE is the most important 
is apparent by its being the only one of the elementary organs 
that is uniformly present in plants; and by its being the chief 
constituent of all those compound organs that are most essen- 
tial to the preservation of species. 

It transmits fluids in all directions. In most cellular plants 
no other tissue exists, and yet in them a circulation of sap takes 
place ; it constitutes the whole of the medullary rays, convey- 
ing the elaborated juices from the bark towards the centre of 
the stem; all the parenchyma in which the sap is diffused 
upon entering the leaf, and by which it is exposed to evapor- 
ation, light, and atmospheric action, consists of cellular tissue ; 
nearly all the bark in which the descending current of the 
sap takes place is also composed of it; and in endogenous 
plants, where no bark exists, there appears to be no other 
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route that the decending sap can take than through the cel- 
lular substance in which the vascular system is imbedded. 
It is, therefore, readily permeable to fluid, although it has no 
visible pores. 

In all cases of wounds, or even of the developement of new 
parts, cellular tissue is first generated: for example, the 
granulations that form at the extremity of a cutting when 
imbedded in earth, or on the lips of incisions in the wood or 
bark ; the extremities of young roots; scales, which are gene- 
rally the commencement of leaves; pith, which is the first part 
created when the stem shoots up ; nascent stamens and pistils; 
ovules; and, finally, many rudimentary parts ; — all these are 
at first, or constantly, formed of cellular tissue alone: 

It is that from which leaf buds are generated. "These organs 
always appear from some part of the medullary system ; when 
adventitious, from the ends of the medullary rays if developed 
by stems, or from the parenchyma if appearing upon leaves. 

It may be considered the flesh of vegetable bodies: the 
matter which surrounds and keeps in their place all the rami- 
fications or divisions of the vascular system is cellular tissue. 
In it the plates of wood of exogenous plants, the fibres of 
endogenous plants, the veins of leaves, and, indeed, the whole 
of the central system of all of them, are either imbedded or 
enclosed. 

The action of fertilization appears to take place exclusively 
through its agency. Pollen is only cellular tissue in a parti- 
cular state; when it bursts, the vivifying particles it contains 
are a still more minute state of the same tissue: the coats 
of the anther are composed entirely of it; and the tissue 
of the stigma, through which fertilization is conveyed to 
the ovules, is merely a modification of the cellular. The 
ovules themselves, with their sacs, at the time they receive the 
vivifying influence, are a semitransparent congeries of cellules, 

It is, finally, the tissue in which alone amylaceous or sac- 
charine secretions are deposited. ‘These occur chiefly in tubers, 
as in the potato. and arrow-root; in rhizomata, as in the 
ginger; in soft stems, such as those of the sago-palm and 
sugar-cane; in albumen, as that of corn; in pith, as in the 
Cassava; in the disk of the flower, as in Amygdalus; and, 
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finally, in the bark, as in all exogenous plants; and cellular 
tissue is the principal, or exclusive, constituent of these. 

In the form of vAsIroRM TISSUE, when it is collected 
together into hollow cylinders, it serves for the rapid trans- 
mission of fluids in the direction of the stem; and it is well 
worth notice that the size of the tubes of vasiform tissue and 
their abundance are usually in proportion to the length to 
which the fluid has to be conveyed. Thus in the Vine, 
Phytocrene, the common cane, and such plants, the vasiform 
tissue is unusually large and abundant; in ordinary trees 
much less so; and in herbaceous plants it hardly exists. 
Vasiform tissue eventually ceases to convey fluid, and becomes 
filled with air. 

Woopy TIS8vE is apparently destined for the conveyance 
of fluid upwards or downwards, from one end of a body 
to another, and for giving firmness and elasticity to every 
part. 

That it is intended for the conveyance of fluid in particular 
channels seems to be proved, — 1. from its constituting the 
principal part of all wood, particularly of that which is formed 
in stems the last in each year, and in which fluid first ascends 
in the ensuing season; 2. from its presence in the veins 'of 
leaves where a rapid circulation is known to take place, form- 
ing in those plants both the adducent and reducent channels 
of the sap; and, 3. from its passing downwards from the 
leaves into the bark, thus forming a passage through which 
the peculiar secretions may, when elaborated, arrive at the 
stations where they are finally to be deposited. Knight is 
clearly of opinion that it conveys fluid either upwards or 
downwards; in which I fully concur with him: the power of 
cuttings to grow when inverted seems, indeed, a conclusive 
proof of this. Dutrochet, however, endeavours to prove that 
it merely serves for a downward conveyance. 

With regard to tts giving jirmness and elasticity to every 
part, we need only consider its surprising tenacity, as evinced 
in hemp, flax, and the like; and its constantly surrounding 
and protecting the ramifications of the vascular system, which 
has no firmness or tenacity itself. To this evidence might be 
added, the admirable manner in which it is combined to 
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answer such an end. It consists, as has been seen, of ex- 
tremely slender tubes, each of which is indeed possessed of 
but a slight degree of strength; but being of different lengths, 
tapering to each extremity, and overlapping each other 
in various degrees, these are consolidated into a mass that 
considerable force is insufficient te break. Any one, who will 
examine a single thread of the finest flax with a microscope 
that magnifies 180 times, will find, that that which to the eye 
appears a single thread, is in reality composed of a great num- 
ber of distinct tubes. 

It is also the tissue from which roots are emitted. Unlike 
the leaf-buds, roots are always prolongations of the woody tissue 
of the stem, as may be readily seen by tracing a young root 
to its origin. | 

The real nature of the functions of the vascULAR SYSTEM has 
been the subject of great difference of opinion. Spzral vessels 
have been most commonly supposed to be destined for the 
conveyance of air; and it seems difficult to conceive how any 
one accustomed to anatomical observations, and who has 
remarked their dark appearance when lying in water, can 
doubt that fact. Nevertheless, many others, and among them 
Dutrochet, assert that they serve for the transmission of fluids 
upwards from the roots. ‘This observer states, that if the end 
of a branch be immersed in coloured fluid, it will ascend in 
both the spiral vessels and vasiform tissue; but that in the 
former it will only rise up to the level of the fluid in which 
the branch is immersed, while, through the latter, it will 
travel into the extremities of the branches. It has, however, 
been asked with much justice, how the opinion that spiral 
vessels are the sap-vessels is to be reconciled with the fact of 
their non-existence in multitudes of plants in which the sap 
circulates freely ? To which might have been, or perhaps has 
been, added the questions, why they do not exist in the wood, 
where a movement of sap chiefly takes place in exogenous 
trees? and also, how it happens that their existence is almost 
constantly connected with the presence of sexes, if they are 
only sap-vessels ? And further, it has always been remarked, 
that if a tranverse section of a vine, for instance, or any other 
plant, be put under water, bubbles of air rise through the 
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water from the mouths of the spiral vessels. But then, it has 
been urged, that coloured fluids manifestly rise in the spiral 
vessels; a statement that has been admitted when the spiral 
vessels are wounded at the part plunged in the colouring fluid, 
but denied in other circumstances. Indeed, to any observer 
acquainted with the difficulty of microscopic investigations, 
the obscurity that practically surrounds a question of this sort 
must be apparent enough. 
The subject has, however, been investigated with much 
care by Bischoff, who instituted some very delicate and in- 
genious experiments, for the purpose of determining the real 
contents and office of the spiral vessels. It is impossible to 
find room here for a detailed account of his experiments, for 
which the reader is referred to his thesis, De vera Vasorum 
Plantarum Spiralium  structura et functione Commentatio : 
Bonne, 1829. It must be sufficient to state, that, by accu- 
rate chemical tests, by the most careful purification of the 
water employed from all presence of air, and by separating 
bundles of the spiral vessels of the gourd (Cucurbita Pepo), 
and of some other plants from the accompanying cellular 
substance, he came to the following conclusions, which, if not 
exactly, are probably substantially, correct : — “ ‘That plants, 
like all other living bodies, require, for the support of their 
vital functions, a free communication with air; and that it is 
more especially oxygen, which, when absorbed by the roots 
from the soil, renders the crude fluid fit for the nourishment 
and support of a plant, just as blood is rendered fit for that 
of animals. But, for this purpose, it is not sufficient that the 
external surface should be surrounded by the atmosphere ; 
other aériferous organs are provided, in the form of spiral 
vessels, which are placed internally, and convey air contain- 
ing an unusual proportion of oxygen, which is obtained through 
the root, by their own vital force, from the earth and water. 
In a hundred parts of this air twenty-seven to thirty parts are 
of oxygen, which is in part lost during the day by the surface 
of plants under the direct influence of the solar rays.” 
With such evidence of the aériferous functions of the spiral 
vessels it is difficult to contend; and, indeed, it seems pro- 
bable that this question is settled as far as spiral vessels, pro- 
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perly so called, are concerned. Whether or not ducts have a 
different function is uncertain; it is probable, however, from 
the extreme thinness of their sides, that they are really filled 
with fluid when full grown, whatever may have been the case 
when they were first generated. 

In regard to the functions of air-cells and lacunz, it may 
be sufficient to remark, that in all cases in which they form a 
part of the vital system, as in water plants, they are cavities 
regularly built up of cellular tissue, and uniform in figure in 
the same species; while, on the other hand, where they are 
not essential to vitality, as in the pith of the walnut, the rice- 
paper plant, the stems of Umbelliferze, and the like, they are 
ragged, irregular distensions of the tissue. 

In the former case they are intended to enable plants, to 
float in water ; in the latter, they are caused by the growth of 
one part more rapidly than another. 
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CHAPTER IL. 
OF THE ROOT. 


Ir is the business of the root to absorb nutriment from the 
soil, and to transmit it upwards into the stem and leaves; and 
also to fix the plant firmly in the earth. Although moisture is, 
no doubt, absorbed by the leaves and bark of all, and by the 
stems of many plants, yet it is certain that the greater part of 
the food of plants is taken up by the roots; which, hence, are 
not incorrectly considered vegetable mouths. 

But it is not by the whole surface of the root that the 
absorption of nutriment takes place; it is the spongioles 
almost exclusively to which that office is confided: and hence 
their immense importance in vegetable economy, the absolute 
necessity of preserving them in transplantation, and the certain 
death that often follows their destruction. ‘This has been 
proved in the following manner, by Senebier : — He took a 
radish, and placed it in such a position that the extremity 
only of the root was plunged in water: it remained fresh 
several days. He then bent back the root, so that its extremity 
was curved up to the leaves: he plunged the bent part in 
water, and the plant withered soon; but it recovered its 
former freshness upon relaxing the curvature, and again 
plunging the extremity of the root into the water. 

This explains why forest trees, with very dense umbrageous 
heads, do not perish of drought in hot summers or dry situa- 
tions, when the earth often becomes mere dust for a consider- 
able distance from their trunk, in consequence of their foliage 
turning off the rain: the fact is obviously that the roots near 
the stem are inactive, and have little or nothing to do as pre- 
servatives of life except by acting as conduits, while the func- 
tions of absorption go on through the spongioles, which, being 
at the extremities of the roots, are placed beyond the influence 
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of the shadow, and extend wherever moisture is to be found. 
This property prevents a plant from exhausting the earth in 
which it grows ; for, as the roots are always spreading further 
and further from the main stem, they are continually entering 
new soil, the nutritious properties of which are unexhausted. 

It is generally believed that roots increase only by their 
extremities, and that, once formed, they never undergo any 
subsequent elongation. ‘This was first noticed by Du Hamel, 
who passed fine silver threads through young roots at differ- 
ent distances, marking on a glass vessel corresponding points 
with some varnish: all the threads, except those that were 
within two or three lines of the extremity, always continued 
to answer to the dots of varnish on the glass vessel, although 
the root itself increased considerably in length. Variations in 
this experiment, which has also been repeated in another 
way by Knight, produced the same result, and the whole 
phenomenon appears to be one of those beautiful evidences of 
design which are so common in the Vegetable Kingdom. If 
plants growing in a medium of unequal resistance lengthened 
by an extension of their whole surface, the nature of the me- 
dium in which they grow would be in most cases such as the 
mere force of their elongation would be unable to overcome, 
and the consequence would be that they would have a 
twisted, knotted, unequal form, which would be eminently 
unfavourable to the rapid transmission of fluid, which is their 
peculiar office. Lengthening, however, only at the extremi- 
ties, and this by the continual formation of new matter at their 
advancing point, they insinuate themselves with the greatest 
facility between the crevices of the soil; once insinuated, 
the force of horizontal expansion speedily enlarges the cavity ; 
and if they encounter any obstacle which is absolutely insur- 
mountable, they simply stop, cease growing in that particular 
direction, and follow the surface of the opposing matter, till 
they again find themselves in a soft medium. 

It is curious, however, to remark that, although this proper- 
ty of lengthening only by the ends of their roots seems constant 
in most plants, yet that it is not impossible that it may be 
confined to roots growing in a resisting medium. From the 
following experiments it will be seen that in Orchidez the 
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root elongates independently of its extremity:—On the 
5th of August I tied threads tightly round the root of a 
Vanilla, so that it was divided into three spaces, of which one 
was 7 inches long; another 4 inches; and the third, which 
was the free-growing extremity, 13 inch. On the 19th of 
September the first space measured 7} inches; the second, 42 
inches; and the third or growing extremity, 2} inches. A root 
of Aerides cornutum was, on the 5th of August, divided by 
ligatures into spaces, of which the first measured 1 foot 
3 inches; the second, 24 inches; the third, 34 inches; and the 
fourth, or growing end, 13 inch. On the 19th of September, 
the first space measured 1 foot 33 inches; the second, 23 
inches; the third, 3} inches; and the fourth, 42 inches. 

Occasionally roots appear destined to act as reservoirs of 
nutriment on which those of the succeeding year may feed 
when first developed, as is the case in the Orchis, the Dahlia, 
and others, But it must be remarked, that the popular no- 
tion extends this circumstance far beyond its real limits, by 
including among roots bulbs, tubers, and other forms of stem 
in a succulent state. 

By some botanists, and among them by De Candolle, it 
has been thought that roots are developed from special organs, 
which are to them what leaf-buds are to branches; and this 
function has been assigned to those little glandular swellings 
so common on the willow, called lenticular glands by Guettard, 
and lenticelles by De Candolle. 

According to Knight, the energies of a variety artificially 
produced exist longer in the system of the root than in that 
of the stem; so that it is more advisable to propagate old 
varieties of fruit trees from cuttings of the root than from those 
of the stem. 

The roots not only absorb fluid from the soil, but they 
return a portion of their peculiar secretions back again into 
it; as has been found by Brugmans, who ascertained that 
the Pansy exuded an acid fluid from its spongioles; and by 
others, who found that various Euphorbiaceous and Cichorace- 
ous plants form little knobs at the extremity of their roots. 
Recently more important enquiries into this subject have 
been made by Macaire, who, in a paper in the Transactions 
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of the Physical Society of Geneva, has given an account of 
his important experiments, of which the following is an 
abstract :— He found that Chondrilla muralis, and Cichorace- 
ous plants in general, secreted a matter analogous to opium; 
Leguminous plants, a substance similar to gum, with a little 
carbonate of lime; Grasses, a minute quantity of matter con- 
sisting of alcaline and earthy muriates and carbonates, with 
very little gum; Papaveraceous plants, a matter analogous to 
opium; and Euphorbias, a whitish yellow gum, and resinous 
matter of an acrid taste. 

He also found that plants actually possess the power of 
freeing themselves from matter that is deleterious to them, 
by means of their roots. Acetate of lead is a well-known active 
vegetable poison; he took two bottles, one of which, A, was 
filled with pure water, and the other, B, with water holding 
acetate of lead in solution. He placed a plant of Mercurialis 
annua with half its roots plunged in A, and the other half 
in B. After a short time the water in the bottle A 
contained a notable proportion of acetate of lead, which must 
have been carried into the system by the roots in bottle B, 
and thrown off again by those in bottle A. He also states 
that various plants which had lain several days in water 
charged with lime, or acetate of lead, or nitrate of silver, or 
common salt, in small quantity, having been carefully washed 
and placed in pure water, gave back from their roots the 
deleterious matter they had absorbed. 

It is difficult to speculate upon the results to which this cu- 
rious discovery maylead. It is in all probability an explanation 
of the necesssity of the rotation of crops, of the action 
of what are called weeds, of the utility of changing the earth 
of plants growing in pots, and of other phenomena which could 
not previously be accounted for. It requires, however, a 
great deal of ulterior examination; but as the enquiry has 
been taken up by Dr. Daubeny, the learned Professor of 
Botany and Chemistry at Oxford, at the instance of the 
British Association, it is not to be doubted that a few years 
will throw much additional light upon the subject. 
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CHAPTER III. 


OF THE STEM AND THE ORIGIN OF WOOD. 


Tue general purpose of the stem is to bear the leaves and 
and other appendages of the axis aloft in the air, so that they 
may be freely exposed to lightand atmospheric action; to convey 
fluids from the root upwards, and from above downwards; 
and, if woody, to store up a certain portion of the secretions 
of the species either in the bark or in the heartwood. 

Various notions have from time to time been entertained 
about the pity. ‘The functions of brain, lungs, stomach, 
nerves, spinal marrow, have by turns been ascribed to it. 
Some have thought it the seat of fecundity, and have believed 
that fruit trees deprived of pith became sterile; others sup- 
posed that it was the origin of all growth; and another class 
of writers, we cannot say observers, have declared that it was 
the channel of the ascent of sap. It is, however, no part of 
the plan of this work to refute these and similar exploded 
speculations. 

It is probable that its real and only use is to serve in the 
infancy of a plant for the reception of the sap, upon which 
the young and tender vessels that surround it are to feed 
when they are first formed; a time when they have no other 
means of support. Dutrochet considers it to act not only as 
a reservoir of nutriment for the young leaves, but also to be 
the place in which the globules, which he calls nervous cor- 
puscles, are formed out of the elaborated sap. (L’ Agent 
Immédiat, &c., p. 44, &c.); and Braschet imagines it and its 
processes to constitute the nervous system of plants. 

The MEDULLARY SHEATH seems to perform a most import- 
ant part in the economy of plants; it diverges from the pith 
whenever a leaf is produced; and, passing through the petiole, 
ramifies among the cellular tissue of the blade, where it 
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appears as veins : hence veins are always composed of bundles 
of woody tissue and spiral vessels. ‘Thus situated, the veins 
are in the most favourable position that can be imagined for 
absorbing the fluid that, in the first instance, is conducted to 
the young pith, and that is subsequently impelled upwards 
through the woody fibre. So essential is the medullary 
sheath to vegetation in the early age of a branch, that, as is 
well known, although the pith and the bark, and even the 
young wood may be destroyed, without the life of a young 
shoot being much affected; yet, if the medullary sheath be 
cut through, the pith, bark, or wood being left, the part above 
the wound will perish. It may be supposed, considering the 
large proportion of oxygen it contains, that its office is to 
convey that gas to parts inaccessible to the external air, and, 
parting with it to the carbon of such parts, to cause the pro- 
duction of carbonic acid, without a power of composing and 
decomposing which no part exposed to light can long exist. 
The Bark acts as a protection to the young and tender 
wood, guarding it from cold and external accidents. It is 
also the medium in which the proper juices of the plant in their 
descent from the leaves are finally elaborated, and brought to 
the state which is peculiar to the species. It is from the 
bark that they are horizontally communicated to the medullary 
rays, by them to be deposited in the tissue of the wood. 
Hence, the character of timber is almost wholly dependent 
upon the influence of the bark, as is apparent from a vertical 
section of a grafted tree, through the line of union of the 
stock and scion. This line will be found so exactly drawn 
that the limits of the two are determined in the oldest spe- 
cimens as accurately as if they were fixed by rule and line: 
the woody tissue will be found uninterruptedly continuous 
through the one into the other, and the bark of the two 
indissolubly united ; but-the medullary rays emanating from 
the bark of each will be seen to remain as different as they 
were at the time when the stock and scion were distinct indi- 
viduals. It is remarkable that the bark has only a limited 
power of impelling secreted matter into the medullary rays ; 
and that there are certain substances which, although abundant 
in bark, are never found elsewhere; as, for instance, gum 
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in a cherry tree. This substance exists in the wood in so 
slight a degree as probably not to exceed in quantity what is 
to be found in most plants, whether they are obviously gum- 
miferous or not. Are we from this to infer that the medullary 
rays have a power of rejecting certain substances? or, that 
their tissue is impermeable to fluids of a particular degree of 
density ? or, that they only take up what settles down the 
bark through its cellular system, and that gum, descending by 
the woody system exclusively, is not in that kind of contact 
with the medullary rays which is required to enable the latter 
to take it up? 

As the bark, when young, is green like the leaves, and as 
the latter are manifestly a mere dilatation of the former, it is 
highly probable, as Knight believes, that the bark exercises 
an influence upon the fluids deposited in it wholly analogous 
to that exercised by the leaves, which will be hereafter explained. 
Hence it has been named, with much truth, the universal leaf 
of a vegetable. 

The business of the MEDULLARY RAYS is, no doubt, exclu- 
sively to maintain a communication between the bark, in which 
the secretions receive their final elaboration, and the centre of 
the trunk, in which they are at last deposited. This is apparent 
from tangental sections of dicotyledonous wood manifesting 
an evident exudation of liquid matter from the wounded me- 
dullary rays, although no such exudation is elsewhere visible. 
In endogenous plants, in which there appears no necessity for 
maintaining a communication between the centre and circum- 
ference, there are no medullary rays. ‘These rays also serve 
to bind firmly together the whole of the internal and external 
parts of a stem, and they give the peculiar character by which 
the wood of neighbouring species may be distinguished. If 
plants had no medullary rays, their wood would probably be, 
in nearly allied species, undistinguishable ; for we are scarcely 
aware of any appreciable difference in the appearance of 
woody or vascular tissue ; but the medullary rays, differing in 
abundance, in size, and in other respects, impress characters 
upon the wood which are extremely marked. Thus, in the 
cultivated cherry, the plates of the medullary rays are very 
thin, the adhesions of them to the bark are very slight, and 
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hence a section of the wood of that plant has a pale, smooth, 
homogeneous appearance ; but in the wildcherry the medullary 
plates are much thicker, they adhere to the bark by deep 
broad spaces, and are arranged with great irregularity, so that 
a section of the wood of that variety has a deeper colour, and 
a twisted, knotty, very uneven appearance. 

In Quercus sessiliflora the medullary rays are thin, and so 
distant from each other that the plates of wood between them 
do not readily break laterally into each other, if a wedge is 
driven into the end of the trunk in the direction of its cleay- 
age: on the contrary, the medullary rays of Quercus pedun- 
culata are hard, and so close together that the wood may be 
rent longitudinally without difficulty ; hence the wood of the 
latter is the only kind that is fit for application to park- 
paling. 

As the medullary rays develope in a horizontal direction 
only, when two trees in which they are different are grafted 
or budded together, the wood of the stock will continue to 
preserve its own peculiarity of grain, notwithstanding its 
being formed by the woody matter sent down by the scion ; 
for it is the horizontal development that gives its character 
to the grain, and not the perpendicular fibres which are 
incased in it. 

The woopis at once the support of all the deciduous organs 
of respiration, digestion, and fertilisation, the deposit of the 
secretions peculiar to individual species, and also the reservoir 
from which newly forming parts derive their sustenance until 
they can establish a communication with the soil. 

Regarding the precise manner in which it is created, there 
has been great diversity of opinion. Linnzeus thought it was 
produced by the pith; Grew, that the liber and wood were 
deposited at the same time in a single mass which afterwards 
divided in two, the one half adhering to the centre, the other 
to the circumference; Malpighi conceived that the wood of 
one year was produced by an alteration of the liber of the 
previous season. Duhamel believed that it was deposited by 
the secretion already spoken of as existing between the bark 
and wood, and called cambium: he was of opinion that this 
cambium was formed in the bark and became converted into 
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both cellular and woody tissue; and he demonstrated the 
fallacy of those theories according to which new wood is 
produced by the. wood of a preceding year. He removed a 
portion of bark from a plum tree; he replaced this with a 
similar portion of a peach tree, having a bud upon it. Ina 
short time a union took place between the two. After wait- 
ing a sufficient time to allow for the formation of new wood, he 
- examined the point of junction, and found that a thin layer of 
wood had been formed by the peach bud, but none by the 
wood of the plum, to which it had been tightly applied. 
Hence he concluded that alburnum derives its origin from the 
bark, and not from the wood. A variety of similar experi- 
ments was instituted with the same object in view, and they 
were followed by similar results. Among others, a plate of 
silver was inserted between the bark and the wood of a tree 
at the beginning of the growing season. It was said, that if 
new wood was formed by old wood, it would be subsequently 
found pushed outwards, and continuing to occupy the same 
situation; but that if new wood was deposited by the bark, 
the silver plate would in time be found buried beneath new 
layers of wood. In course of time the plate was examined, 
and was found inclosed in wood. 

Hence the question as to the origin of the wood seemed 
settled ; and there is no doubt that the experiments of Du- 
hamel are perfectly accurate and satisfactory as far as they 
go. It soon, however, appeared that, although they certainly 
proved that new wood is not produced by old wood, it was 
not equally clear that it originated from the bark. Accord- 
ingly a new set of experiments was instituted by Knight, 
for the purpose of throwing a still clearer light upon the pro- 
duction of the wood. Having removed a ring of bark from 
above and below a portion of the bark furnished with a leaf, 
he remarked that no increase took place in the wood 
above the leaf, while a sensible augmentation was observable 
in the wood below the leaf. It was also found that if the 
upper part of a branch is deprived of leaves, the branch will 
die down to the point where leaves have been left, and below 
that will flourish. Hence an inference is drawn that the 
wood is not formed out of the bark as a mere deposit from it ; 
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but that it is produced from matter elaborated in the leaves 
and sent downwards—either through the vessels of the inner 
bark, along with the matter for forming the-liber by which 
it is subsequently parted with; or that it and the liber are 
transmitted distinct from one another, the one adhering to the 
alburnum, the other to the bark. I know of no proof of the 
former supposition; of the latter there is every reason to 
believe the truth. Knight is of opinion that two distinct 
sets of vessels are sent down, one belonging to the liber, the 
other to the alburnum; and if a branch of any young tree, 
the wood of which is formed quickly, be examined when it is 
first bursting into leaf, these two sets may be distinctly seen 
and traced. Take, for instance, a branch of lilac in the be- 
ginning of April and strip off its bark: the new wood will be 
distinctly seen to have passed downwards from the base of 
each leaf, diverging: from its perpendicular course, so as to 
avoid the bundle of vessels passing into the leaf beneath it; 
and if the junction of a new branch with that of the previous 
year be examined, it will be found that all the fibres of wood 
already seen proceeding from the base of the leaves, having 
arrived at this point, have not stopped there, but have passed 
rapidly downwards, adding to the branch an even layer of 
fibrous matter or young wood; and turning off at every pro- 
jection which impedes them, just as the water of a steady but 
rapid current would be diverted from its course by obstacles 
in its stream. Again, in Guaiacum wood, the descending 
fibres cross and interlace each other in a manner that is totally 
inexplicable upon the supposition of wood being formed by 
the mere deposit of secreted matter. Ifthe new wood were a 
mere deposit of the bark, the latter, as it is applied to every 
part of the old wood, would deposit the new wood equally 
over the whole surface of the latter, and the deviation of the 
fibres from obstacles in their downward course could not 
occur. ‘This, therefore, in my mind, places the question as 
to the origin of the wood beyond all further doubt. Or, if 
further evidence were required, it would be furnished by a 
case adduced by Achille Richard, who states that he saw, in 
the possession of Du Petit Thouars, a branch of Robinia 
Pseudacacia on which R. hispida had been grafted. The stock 
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had died; but the scion had continued to grow, and had 
emitted from its base a sort of plaster formed of very distinct 
fibres, which surrounded the extremity of the stock to some 
distance, forming a kind of sheath; and thus demonstrating 
incontestably that fibres do descend from the base of the scion 
to overlay the stock. The singular mode of growth in Pan- 
danus is equally instructive. In that plant the stem next the 
ground is extremely slender, a little higher up it is thicker 
and emits aerial roots which seek the soil and act as stays upon 
the centre. As the stem increases in height it also increases 
notably in diameter, continuing to throw out aerial roots. As 
it really grows, the stem, if the roots were pruned away, would 
be an inverted cone; but if we add to the actual thickness of 
the base of the stem the capacity of the aerial roots at that 
part, the two together will be about equal to the eapacity of 
the stem at the apex; showing that, unless the roots descend 
among the wood, the stem will not increase in diameter. 

Mirbel, who formerly advocated the doctrine of wood being 
deposited by bark, has, with the candour of a man of real 
science, fairly admitted the opinion to be no longer tenable ; 
and he has suggested in its room that wood and bark are in- 
dependent formations, — which is no doubt true, — but, he 
adds, created out of cambium, in which it is impossible to 
concur; for this reason. All the writers hitherto mentioned 
or adverted to have considered the formation of wood only 
with reference to exogenous trees, and to such only of them as 
are the common forest plants of Europe. Had they taken 
into account exotic trees or any endogenous plants, they would 
have seen that none of their theories could possibly apply to 
the formation of wood in that tribe. Im many exogenous 
plants of tropical countries, wood is not deposited in regular 
circles all round the axis, but only on one side of the stem, or 
along certain lines upon it: were it a deposit from the bark, 
or a metamorphosis of cambium, it would necessarily be 
deposited with some kind of uniformity. In endogenous trees 
there is no cambium, and yet wood is formed in abundance; 
and the new wood is created in the centre, and not in the 
circumference: so that bark can have, in such cases, nothing 
whatever to do with the creation of wood. 
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No doubt aware of most of the difficulties in the way of 
the common theories of the formation of wood, Du Petit 
Thouars, an ingenious French physiologist, who had possessed 
opportunities of examining the growth of vegetation in tro- 
pical countries, constructed a theory, which, although in 
many points similar to the one proposed, but not proved, by 
his countryman, De la Hire, is nevertheless, from the facts 
and illustrations skilfully brought by the French philosopher 
to his aid, to be considered legitimately as his own. ‘The 
attention of Du Petit Thouars appears to have been first 
especially called to the real origin of wood by having re- 
marked, in the Isle of France, that the branches which are 
emitted by the truncheons of Draczena (with which hedges 
are formed in that colony) root between the rind and old 
wood, forming rays of which the axis of the new shoot is the 
centre. These rays surround the old stem; the lower ones 
at once elongate greatly towards the earth, and the upper 
ones gradually acquire the same direction ; so that at last, as 
they become disentangled from each other, the whole of them 
pass downwards to the soil. Reflecting upon this curious 
fact, and upon a multitude of others, which I have no space 
to detail, he arrived at the conclusion, that it is not merely 
in the property of increasing the species that buds agree with 
seeds, but that they emit roots in like manner; and that the 
wood and liber are both formed by the downward descent of 
bud-roots, at first nourished by the moisture of the cambium, 
and finally imbedded in the cellular tissue which is the result 
of the organisation of that secretion. ‘That first tendency 
of the embryo, when it has disengaged itself from the seed, 
to send roots downwards and a stem and leaves upwards, and 
to form buds in the axils of the latter, is in like manner 
possessed by the buds themselves; so that plants increase in 
size by an endless repetition of the same phenomenon. 

Hence a plant is formed of multitudes of buds or fixed 
embryos, each of which has an. independent life and action : 
by its elongation upwards forming new branches and con- 
tinuing itself, and by its elongation downwards forming wood 
and bark; which are therefore, in Du Petit Thouars’s opinion, 
a mass of roots. 

s 4 
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This opinion would probably have been more generally 
received if it had not been too much mixed up with hypothe- 
tical statements, to the reception of which there are in the 
minds of many persons strong objections; as, for example, that 
mentioned in the last paragraph. But it is remarkable that 
the antagonists of Du Petit Thouars have been from a class 
of naturalists of whom it may be said, that they are better 
known in consequence of the celebrity of the object of their 
attack than for any reputation of their own. ‘To this how- 
ever, there are some exceptions, as, for instance, Mirbel and 
Desfontaines, two of the most learned botanists of France. 
The theory, nevertheless, seems the only one that is adapted 
at once to explain the real cause of the many anomalous 
forms of exogenous stems which must be familiar to the re- 
collection of all botanists, and that, at the same time, is equally 
applicable to the exogenous and endogenous modes of growth ; 
a condition which, it will be readily admitted, is indispensable 
to any theory of the formation of wood that may be proposed. 
It also offers the simplest explanation of the phenomena that 
are constantly occuring in the operations of gardening. 

The most important of the objections that have been taken 
to it are the following : — If wood were really organised matter 
emanating from the leaves, it must necessarily happen that in 
grafted plants the stock would in time acquire the nature of 
the scion, because its wood would be formed entirely by the 
addition of new matter, said to be furnished by the leaves of 
the scion. So far is this, however, from being the fact, that it 
is well known that, in the oldest grafted trees, there is no 
action whatever exercised by the scion upon the stock, but 
that; on the contrary, a distinct line of organic demarcation 
separates the wood of one from the other, and the shoots 
emitted from the stock, by wood said to have been generated 
by the leaves of the scion, are in all respects of the nature of 
the stock. Again —if a ring of bark from a red-wooded 
tree is made to grow in the room of a similar ring of bark of 
a white-wooded tree, as it easily may be made, the trunk will 
increase in diameter, but all the wood beneath the ring of 
red bark will be red, although it must have originated in the 
leaves of the tree which produces white wood. It is further 
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urged, that, in grafted plants, the scion often overgrows the 
stock, increasing much the more rapidly in diameter, or that 
the reverse takes place, as when the Pavia lutea is grafted 
upen the common horse-chestnut, — and that these circum- 
stances are inconsistent with the supposition that the wood is 
organic matter engendered by leaves. ‘To these statements 
there is nothing to object as mere facts, for they are true; 
but they certainly do not warrant the conclusions that have 
been drawn from them. One most important point is over- 
looked by those who employ such arguments, namely, that 
in all plants there are two distinct simultaneous systems of 
growth, the cellular and the fibro-vascular, of which the former 
is horizontal, and the latter vertical. The cellular gives 
origin to the pith, the medullary rays, and the principal part 
of the cortical integument; the fibro-vascular, to the wood and 
a portion of the bark; so that the axis of a plant may be not 
inaptly compared to a piece of linen, the cellular system being 
the woof, the fibro-vascular the warp. It has also been 
proved by Knight and De Candolle that buds are exclusively 
generated by the cellular system, while roots are evolved 
from the fibro-vascular system. Now, if these facts are rightly 
considered, they will be found to offer an obvious explanation 
of the phenomena appealed to by those botanists who think 
that wood cannot be matter generated in an organic state by 
the leaves. ‘The character of wood is chiefly owing to the 
colour, quantity, size, and distortions of the medullary rays, 
- which belong to the horizontal system: it is for this reason 
that there is so distinct a line drawn between the wood of the 
graft and stock; for the horizontal systems of each are con- 
stantly pressing together with nearly equal force, and uniting 
as the trunk increases in diameter. As buds from which 
new branches elongate are generated by cellular tissue, they 
also belong to the horizontal system: and hence it is that the 
stock will always produce branches like itself, notwithstanding 
the long superposition of new wood which has been taking 
place in it from the scion. 

The case of a ring of red bark always forming red wood 
beneath it, is precisely of the same nature. After the new 
bark has adhered to the mouths of the medullary rays of the 
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stock, and so identified itself with the horizontal system, it is 
gradually pushed outwards by the descent of woody matter 
from above through it; but in giving way it is constantly 
generating red matter from its horizontal system, through 
which the wood descends, which thus acquires a colour that 
does not properly belong to it. With regard to the instances 
of grafts overgrowing their stocks, or vice versa, it is obvious, 
that these are susceptible of explanation on the same principle. 
If the horizontal system of both stock and scion has an equal 
power of lateral extension, the diameter of each will remain 
the same; but, if one grows more rapidly than the other, 
the diameters will necessarily be different: where the scion 
has a horizontal system that developes more rapidly than that 
of the stock, the latter will be the smaller, and vice versa. 
It is, however, to be observed, that in these cases plants are 
altogether in a morbid state, and will not live for any consi- 
derable time. . 

Another case was, that if a large ring of bark be taken 
from the trunk of a vigorous elm or other tree, without being 
replaced with any thing, new beds of wood will be found 
in the lower as well as upper part of the trunk; while no 
ligneous production will appear on the ring of wood left ex- 
posed by the removal of the bark. Now this is so directly at 
variance with the observations of others, that it is impossible 
to receive it as an objection until its truth shall have been 
demonstrated. It is well known, that if the least continuous 
portion of liber be left upon the surface of a wound of this 
kind, that portion is alone sufficient to establish the communi- 
cation between the upper and lower lips of the wound; but, 
without some such slight channel of union, it is contrary to 
experience that the part of a trunk below an annular incision 
should increase by the addition of new layers of wood until 
the lips of the wound are united, unless buds exist upon the 
trunk below the ring. 

Those who object to the theory of wood being generated by 
the action of leaves, either suppose, — Ist, that liber is deve- 
loped by alburnum, and wood by liber; or, 2dly, that “the 
woody and cortical layers originate laterally from the cambium 
furnished by pre-existing layers, and nourished by the descend- 


CHAP. III. ORIGIN: OF WOOD. 2°67 


ing sap. The first of these opinions appears to be that of 
Turpin, as far as can be collected from a long memoir upon | 
the grafting of plants and animals. ‘The second is the opinion 
commonly entertained in France, and adopted by De Candolle 
in his latest published work. 

The objections to the views of Turpin need hardly be 
stated. Those which especially bear upon the view taken by 
De Candolle are, that his theory is not applicable to all parts 
of the vegetable kingdom, but to exogenous plants only ; that 
it is inconceivable how the highly organised parallel tubes of 
the wood, which can be traced anatomically from the leaves, 
and which are formed with great rapidity, can be a lateral 
deposit from the liber and alburnum; that they are manifestly 
formed long before it can be supposed that leaves have 
commenced their office of elaborating the descending sap; 
and, finally, that endogens and cryptogamic plants, in which 
there is no secretion of cambium, nevertheless have wood. 

Such is the state of this subject at the time I am writing. 
To use the words of De Candolle, “'The whole question may 
be reduced to this — Either there descend from the top of a 
tree the rudiments of fibres, which are nourished and deve- 
loped by the juices springing laterally from the body of wood 
and bark ; or new layers are developed by pre-existing layers, 
which are nourished by the descending juices formed in the 
leaves.” 

As this is one of the most curious points remaining to be 
settled among botanists, and as it is still as much open to 
discussion as ever, I have dwelt upon it at an unusual length, 
in the hope that some one may have leisure to prosecute the 
inquiry. Perhaps there is no mode of proceeding to eluci- 
date it which would be more likely to lead to positive results, 
than a very careful anatomical examination of the progres- 
sive development of the mangel wurzel root, beginning with 
its dormant embryo, and concluding with the perfectly formed 
plant. 
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CHAPTER IV. 


OF THE LEAVES. 


LEAVEs are at once organs of respiration, digestion, and 
nutrition. ‘They elaborate the crude sap impelled into them 
from the stem, parting with its water, adding to it carbon, 
and exposing the whole to the action of air; and while they 
supply the necessary food to the young fibres that pass down- 
wards from them and from the buds, in the form of alburnum 
and liber, they also furnish nutriment to all the parts imme- 
diately above and beneath them. There are many experiments 
to show that such is the purpose of the leaves. If a number 
of rings of bark are separated by species without bark, those 
which have leaves upon them will live much longer than those 
which are destitute of leaves. If leaves are stripped from a 
plant before the fruit has commenced ripening, the fruit will 
fall off and not ripen. Ifa branch is deprived of leaves for a 
whole summer, it will either die or not increase in size per- 
ceptibly. ‘The presence of cotyledons, or semina! leaves, at a 
time when no other leaves have been formed for nourishing 
the young plant, is considered a further proof of the nutritive 
purposes of leaves: if the cotyledons are cut off, the seed will 
either not vegetate at all, or slowly and with great difficulty ; 
and if they are injured by old age, or any other circumstance, 
they produce a languor of habit which only ceases with the 
life of the plant, if it be an annual. ‘This is the reason why 
gardeners prefer old melon and cucumber seeds to new ones : 
in the former the nutritive power of the seed-leaves is im- 
paired, the young plant grows slowly, a languid circulation is 
induced from the beginning; by which excessive luxuriance 
is checked, and fruit formed rather than leaves or branches. 
Nothing can be more admirable than the adaptation of leaves 
to such purposes as those just mentioned. It has been already 
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shown, in speaking of the anatomy of a leaf, that in most cases 
it consists of a thin plate of cellular tissue pierced by air 
vessels and woody tissue, and inclosed within a hollow empty 
stratum of cells forming cuticle. Beneath the upper cuticle 
the component bladders of the cellular tissue are compactly ar- 
ranged perpendicular to the plane of the cuticle, and have 
but a small quantity of air-cavities among them. Beneath 
the lower cuticle the bladders are loosely arranged parallel 
with the cuticle, and are full of air chambers communicating 
with the stomates. The cuticle prevents too rapid an evapor- 
ation beneath the solar rays, and thickens when it is especially 
necessary to control evaporation more powerfully than usual ; 
thus in the Oleander, which has to exist beneath the fervid sun of 
Barbary, in a parched country, the cuticle is composed of not 
less than three layers of thick-sided cuticle. ‘To furnish leaves 
with the means of parting with superfluous moisture, at periods 
when the cuticle offers too much resistance, there are stomates 
which act like valves, and open to permit its passage : or when, 
in dry weather, the stem does not supply fluid in sufficient 
quantity from the soil for the nourishment of the leaves, these 
same stomates open themselves at night, and allow the 
entrance of atmospheric moisture, closing when the cavities of 
the leaf are full. In submersed leaves, in which no variation 
can take place in the condition of the medium in which they 
float, both cuticle and stomates would be useless, and accord- 
ingly neither exists. For the purpose of exposing the fluids 
contained in the leaves to the influence of the air, the cuticle 
would frequently offer.an insufficient degree of surface. In 
order, therefore, to increase the quantity of surface that is 
exposed, the tissue of the leaf is cavernous, each stomate 
opening into a cavity beneath it, which is connected with 
multitudes of intercellular passages. But, as too much fluid 
might be lost by evaporation in parts exposed to the sun, we 
find that the cells of the upper stratum of parenchyma only 
expose their ends to the cuticle, and interpose a_ barrier 
between the direct rays of the sun and the more lax respiring 
portion forming the under stratum. It is not improbable, 
moreover, that those cells which form the upper stratum per- 
form a function analogous to that of the stomach in animals, 
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digesting the crude matter they receive from the stem, and 
that the lower stratum takes up the matter so altered and 
submits it to the action of the atmosphere, which must enter 
the leaf purely by means of the stomates. Nor are the 
stomates and the cavernous parenchyma of the leaf the only 
means provided for the regulation of its functions. Hairs, no 
doubt, perform no mean office in their economy. In some 
cases these processes seem destined only for protection against 
cold, as in those plants in which they only clothe the buds 
and youngest leaves, falling away as soon as the tender parts 
have become hardened ; but it.can hardly be doubted that in 
many others they are absorbent organs, intended to collect 
humidity from the atmosphere. In succulent plants, or in such 
as grow naturally in shady places, where moisture already 
exists in abundance, they are usually wanting; but in hot, 
dry, exposed places, where it is necessary that the leaf should 
avail itself of every means of collecting its food, there they 
abound, lifting up their points and separating at the approach 
of the evening dews, but again falling down, and forming a 
layer of minute cavities above the cuticle, as soon as the heat 
of the sun begins to be perceived. 

Whether or not leaves have the power of absorbing atmo- 
spheric fluid, independently of their hairs, is a matter of doubt. 
By some it is believed that they do possess such a power, and 
that absorption takes place indifferently by either the 
upper or under surface of the leaf, but that some plants absorb 
more powerfully by one surface than by the other. Bonnet 
found that, while the leaves of Arum, the kidney-bean, the 
lilac, the cabbage, and others, retained their verdure equally 
long whichever side was deprived of the power of absorption, 
the Plantago, some Verbascums, the marvel of Peru, and 
others, lost their life soonest when the upper surface was 
prevented from absorbing; and that, in a number of trees and 
shrubs, the leaves were killed very quickly by preventing 
absorption by the dower surface. But others contend that 
Bonnet’s experiments merely produced a hindrance of evapor- 
ation in some cases, and of respiration in others; and that 
leaves have, in fact, no power of attracting fluid. In proof of 
this it is urged that, if leaves are made to float on coloured in- 
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fusions, no colouring matter enters them. Considering, how- 
ever, the thinness of the cuticle of many plants, and the great 
permeability of vegetable membrane in general, it can hardly 
be doubted that they do possess the power of absorption that 
Bonnet contends for. ‘This seems to be further proved by 
the respective effects obviously produced upon plants by a 
shower of rain in the summer, or by syringing the fading 
plants in a hothouse. 

Leaves usually are so placed upon the stem that their upper 
surface is turned towards the heavens, their lower towards the 
earth ; but this position varies occasionally. In some plants 
they are imbricated, so as to be almost parallel with the stem ; 
in others they are deflexed till the lower surface becomes 
almost parallel with the stem, and the upper surface is far re- 
moved from opposition to the heavens. A few plants, more- 
over, invert the usual position of the leaves by twisting the 
petiole half round, so that either the two margins become 
opposed to earth and sky, or the lower surface becomes up- 
permost: this is especially the case with plants bearing phyl- 
lodia, or spurious leaves. 

At night a phenomenon occurs in plants which is called 
their sleep: it consists in the leaves folding up and drooping, 
as those of the sensitive plant when touched. ‘This scarcely 
happens perceptibly except in compound leaves, in which the 
leaflets are articulated with the petiole, and the petiole with 
the stem: it is supposed to be caused by the absence of light, 
and will be farther spoken of under the head of irritability. 

After the leaves have performed their functions, they fall 
off: this happens at extremely unequal periods in different 
species. In some they all wither and fall off by the end ofa 
single season; in others, as the beech and hornbeam, they 
wither in the autumn, but do not fall off till the succeeding 
spring; and, in a third class, they neither wither nor fall off 
the first season, but retain their verdure during the winter, 
and till long after the commencement of another year’s 
growth: these are our evergreens. Mirbel distinguishes 
leaves into three kinds, as characterised by their periods of 
falling :— 


X72 PHYSIOLOGY. BOOK II. 


1. Fugacious or caducous, which fall shortly after their 
appearance ; as in Cactus. 

2. Deciduous or annual, which fall off in the autumn; as. 
the Apple. | 

3. Persistent, evergreen, or perennial, which remain perfect 
upon the plant beyond a single season; as Holly, Common 
Laurel, &c. 

With regard to the cause of the fall of the leaf a number 
of explanations have been given, which may be found in 
Willdenow’s Principles of Botany, p. 336. There is, however, 
only two that are much worth recording; those of Du Petit 
Thouars and De Candolle. 

If you will watch the progress of a tree,—of the elder for 
example, —says the former writer, you will perceive that the 
lowest leaves upon the branches fall long before those at the 
extremities. The cause of this may be, perhaps, explained 
upon the following principle :— In the first instance, the base 
of every leaf reposes upon the pith of the branch, to the sheath 
of which it is attached. But, as the branch increases in 
diameter by the acquisition of new wood, the space between 
the base of the leaf and the pith becomes sensibly augmented. 
It has, therefore, been necessary that the fibres by which the 
leaf is connected with the pith should lengthen, in order to 
admit the deposition of wood between the bark and the pith. 
Now how does this elongation take place? As the bundles 
of fibres which run from the pith into the leaf-stalk are at_first 
composed only of spiral vessels, it is easy to conceive that they 
may be susceptible of elongation by unrolling. And in this 
seems to lie the mystery of the fall of the leaf; for the moment 
will come when the spiral vessels are entirely unrolled, and 
incapable of any further elongation: they will, therefore, by 
the force of vegetation, be stretched untill they snap, when 
the necessary communication between the branch and the leaf 
is destroyed, and the latter falls off. 

De Candolle explains this matter otherwise. ‘The increase 
of leaves, he says, whether in length or in breadth, generally 
attains its term with sufficient rapidity; the leaf exercises 
its functions for a while, and enjoys the plenitude of its exist- 
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ence; but, by degrees, in consequence of exhaling perfectly 
pure water, and preserving in its tissue the earthy matters 
which the sap had carried there, the vessels harden and their 
pores are obstructed. This time in general arrives the 
more rapidly as evaporation is more active: thus we find 
the leaves of herbaceous plants, or of trees which evaporate 
a great deal, fall before the end of the year in which they 
were born; while those of succulent plants, or of trees 
with a hard and leathery texture, which, for one cause or an- 
other, evaporate but little, often last several years. We may, 
therefore, in general say that the duration of life in leaves is 
in inverse proportion to the force of their evaporation. 
When this time has arrived, the leaf gradually dries up, and 
finishes by dying: but the death of the leaf ought not to be 
confounded with its fall; for these two phenomena, although 
frequently confounded, are in reality very different. All 
leaves die some time or other; but some are gradually de- 
stroyed by exterior accidents, without falling ; while others fall, 
separating from the stem at their base, and fall at once, 
either already dead, or dying, or simply unhealthy. 

It is probable that both these explanations are required to 
understand the phenomena of the fall of the leaf, and that it 
is neither the rupture of the spiral vessels, nor the choking 
up the other kind of tissue, separately, which produce it, but 
the two combined; the one acting principally in some cases, 
and the other in others. 
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CHAPTER V. 


OF THE BRACTS AND FLORAL ENVELOPES.— DISENGAGEMENT 
OF CALORIC. 


Tue bracts, when but slightly removed from the colour and 
form of leaves, no doubt perform functions similar to those of 
the latter organs; and when coloured and petaloid, it may be 
presumed that they perform the same office as the corolla. 
Nothing, therefore, need be said of them separately. 

With regard to the calyx, corolla, and disk, I shall 
chiefly follow Dunal’s statements in his ingenious pamphlet, 
Sur les Fonctions des Organes floraux colorés et glanduleux. Ato. 
Paris, 1829. 

The calyx seems, when green, to perform the functions of 
leaves, and to serve as a protection to the petals and sexual 
organs; when coloured, its office is undoubtedly the same as 
that of the corolla. 

The common notion of the use of the corolla is, that, inde- 
pendently of its ornamental appearance, it is a protection to 
the organs of fertilisation: but, if it is considered that the 
stamens and pistils have often acquired consistence enough to 
be able to dispense with protection before the petals are enough 
developed to defend them, it will become more probable that 
the protecting property of the petals, if any, is of secondary 
importance only. 

Among the many speculations to which those interesting 
ornaments have given birth is one, that the petals and disk 
are the agents of a secretion which is destined to the nutrition 
of the anthers and young ovules. ‘These parts are formed in 
the flower-bud long before they are finally called into action ; 
in the almond, for example, they are visible some time before 
the spring, beneath whose influence they are destined to ex- 
pand. In that plant, just before the opening of the flower, 
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the petals are folded up; the glandular disk that lines the 
tube of the calyx is dry and scentless; and its colour is at 
that time dull, like the petals at the same period. But, as 
soon as the atmospheric air comes in direct contact with 
these parts, the petals expand and turn out of the calyx, the 
disk enlarges, and the aspect of both organs is altered. ‘Their 
compact tissue gradually acquires its full colour and velvety 
surface; the surface of the disk, which before was dry, becomes 
lubricated by a thick liquid, exhaling that smell of honey which 
is so well known. At this time the stamens perform their 
office. No sooner is that effected than they wither, the petals 
shrivel and fall away, the secretion from the disk gradually 
dries up, and, in the end, the disk perishes along with the 
other organs to which it appertained. If the disk of an 
almond flower be broken before expansion, it will be seen that 
the fractured surface has the same appearance as that of those 
parts which in certain plants contain a large quantity of feecula, 
as the tubers of the potato, Cyperus esculentus, &c. This 
led Dunal to suspect that the young disks also contained 
feecula: which he afterwards ascertained, by experiment, to 
be the fact in the spadix of Arum italicum before the de- 
hiscence of the anthers; but, subsequently to their bursting, no 
trace of faecula could be discovered. Hence he inferred that 
the action of the air upon the humid feecula of the disk had 
the effect of converting it into a saccharine matter fit for the 
nutrition of the pollen and young ovules; just as the fecula of 
the albumen is converted in germination into nutritive matter 
for the support of the embryo. 

In support of this hypothesis Dunal remarks, that the 
conditions requisite for germination are analogous to those 
which cause the expansion of a flower. The latter opens only 
ina temperature above 32° Fahr., that of 10° to 30° centig. 
(50° to 86° Fahr.) being the most favourable; it requires a 
considerable supply of ascending sap, without the watery parts 
of which it cannot open ; and, thirdly, flowers, even in aquatic 
plants, will not develope in media deprived-of oxygen. 

Thus the conditions required for germination and for 
flowering are the same: the phenomena are in both cases 
also very similar. 
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When a germinating seed has acquired the necessary 
degree of heat and moisture, it abstracts from the air a por- 
tion of its oxygen, and gives out an equal quantity of carbonic 
acid gas; but, as one volume of the latter gas equals one 
volume of oxygen, it is evident that the seed is, in this way, 
deprived of a part of its carbon. Some changes take place in 
the albumen and cotyledons; and, finally, the feecula that 
they contained is replaced by saccharine matter. In like 
manner a flower, while expanding, robs the air of oxygen, and 
gives out an equal volume of carbonic acid; and a sugary 
matter is also formed, apparently at the expense of the feecula 
of the disk or petals. 

The quantity of oxygen converted into cathe acid in 
germination is, ceteris paribus, in proportion to the weight of 
the seed; but some seeds absorb more than others. Theodore 
de Saussure has shown that exactly the same phenomenon 
occurs in flowers. 

Heat is a consequence of germination; the temperature is 
also augmented during flowering, as has been proved by 
Theodore de Saussure in the Arum, the gourd, the Bignonia 
radicans, Polyanthes tuberosa, and others. 

The greater part of the saccharine matter produced during 
germination is absorbed by the radicle, and transmitted to the 
first bud of the young plant. Dunal is of opinion that the 
sugar of the nectary and petals is in like manner conveyed 
to the anthers and young ovules, and that the free liquid 
honey which exists in such abundance in many flowers, is a 
secretion of superabundant fluid; it can be taken away, as is 
well known, without injury to the flower. 

This opinion will probably be considered the better founded, 
if it can be shown that the disengagement of caloric and de- 
struction of oxygen are in direct relation to the developement 
of the glandular disk, and also are most considerable at the 
time when the functions of the anthers are most actively 
performed. 

In no plants, perhaps, is the glandular disk more developed 
than in Arums; and it is here that the most remarkable degree 
of developement of caloric has been observed. Senebier found 
that the bulb of a thermometer, applied to the surface of the 
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spadix of Arum maculatum, indicated a temperature 7° higher 
than that of the external air. Hubert remarked this in a 
still more striking degree upon Arum cordifolium at the 
Isle of France. A thermometer placed in the centre of five 
spadixes stood at 111°, and in the centre of twelve at 121°, 
although the temperature of the external air was only 66°. 
The greatest degree of heat in these experiments was at sun- 
rise. "The same observer found that the male parts of six 
spadixes, deprived of their glandular part, raised the tem- 
perature only to 105°; and the same number of female spa- 
dixes only to 86°; and, finally, that the heat was wholly 
destroyed by preventing the spadix from coming in contact 
with the air. 

Similar observations were made by others with correspond- 
_ing results; but, nevertheles, as many persons attempted in 
vain to witness the phenomenon, it began to be doubted, 
especially after Treviranus added his authority to that of those 
who doubted the existence of any disengagement of heat. The 
truth of the statement of Saussure and others has lately, how- 
ever, been placed beyond all further doubt, by the experiments 
of Adolphe Brongniart upon Colocasia odora. (Nouv. Ann. du 
Muséum, vol. iii.) From the period of the expansion of the 
spathe, he applied to the middle of the spadix a very delicate 
and small thermometer, which he fixed to its place by a piece 
of flannel rolled several times round it and the spadix, so that 
the bulb of the thermometer touched the spadix on one side; 
on all others was protected by the fiannel from contact with 
the air. All this little apparatus covered so small a portion 
of the spadix, that it was left in its place without interfering 
with the functions of that part. On the 13th March, the 
spathe not being open, the flower diffused, notwithstanding, a 
fragrant smell. On the 14th, it was open, and the odour was 
much increased. ‘The emission of pollen took place on the 
16th, between 8 and 10 a.m., and continued till the 18th. On 
the 19th the flower began to fade. From the 14th to the 
19th the temperature increased daily, during the night and in 
the morning falling back to nearly that of the surrounding air. 
The maximum of elevation of temperature above that of tke 
atmosphere occurred, — 

To 
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The 14th, at 3 p.m. 4° 5 centigrade 
15th, 4pm. 10° 
16th, 5pm. 10° 2 
17th, 5 p.m. 11° 
18th ApuiweTe Ss 
19th," 10 aan 2 S25 

These maxima might be almost compared to the access of 
an intermittent fever. 

That these phenomena should not be observed in ordinary 
cases, Is no proof that they do not also occur; for it is easy to 
comprehend that, when flowers are freely exposed to the ex- 
ternal air, the small amount of caloric which any one may 
give off will be instantly dispersed in the surrounding air 
before the most delicate instrument can be sensible of it ; and 
that it is in those cases only of large quantities of flowers col- 
lected within a hollow case, like a spathe, which prevents the 
heat escaping when evolved, that we can hope to measure it. 

From experiments of Saussure, it seems certain that the dis- 
engagement of heat, and, consequently, destruction of oxygen, 
is chiefly caused by the action of the anthers, or at least of 
the organs of fecundation, as appears from the following 
table : — 


Oxygen destroyed. 


Dorstion [> 42 va Ss Se ee 
Names. of the By the By the 
Experiment. flower dur- flower an 
By the bud. ing its ex- ‘ics 
pansion, baer 
Passiflora serratifolia | 12 hours. | 6 times its vol. 12 7 
Hibiscus speciosus 24 6 8,7 7 
Cucurbita maxima, 
male flower - 24 7,4 12 10 
Arum italicum,spadix 
CGll. (<1) =. = >) 94 5 to 6 
spadix hot 30 
24 hours after $ 


It was also found that flowers in which the stamens, disk, 
pistil, and receptacle only were left, consumed more oxygen 
than those that had floral envelopes, as is shown by the fol- 
lowing table : — 
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. : Oxygen destroyed. 
Duration 


Species. of the 
: Experiment.| By the flowers entire. Sa ee os 
Cheiranthus incanus | 24 hours. | 11+5 times their vol.| 18 times their vol. 
Tropzolum majus -| 24 8°5 16°3 
Cucurbita maxima, 
male : - 10 7°6 16°0 
Hypericum calycinum)| 24 75 8°5 
Hibiscus speciosus 12 5:4 6°3 
Cobzea scandens 24 6°5 (he 


And it is here to be noticed, that those whose sexual ap- 
paratus destroyed the most oxygen have the greatest quantity 
of disk, and vice versdé; with the exception of Cobzea scandens, 
in which the disk is very firm and persistent, and probably, 
therefore, acts very slowly. 

When the cup-shaped disk of the male flowers of the 
gourd was separated from the anthers, the latter only con- 
sumed 11:7 times their volume of oxygen in the same space of 
time which was sufficient for the destruction of sixteen times 
their volume when the disk remained. ‘The spathe of Arum 
maculatum consumed, in twenty-four hours, five times its 
volume of oxygen; the termination of the spadix thirty times ; 
the sexual apparatus 132 times, in the same space of time. 

An entire Arum dracunculus, in twenty-four hours, de- 
stroyed thirteen times its volume of oxygen; without its spathe 
fifty-seven times; cut into four pieces, its spathe destroyed 
half its volume of oxygen; the terminal appendix twenty-six 
times; the male organs 135 times; the female organs ten times. 

The same ingenious observer also ascertained that double 
flowers, that is to say those whose petals replace sexual 
organs, vitiate the air much less than single flowers, i in which 
the sexual organs are perfect. 

Is it not then, concludes Dunal, probable that the conse- 
quence of all these phenomena is the elaboration of a matter 
destined to the nutriment of the sexual organs? since the 
production of heat and the destruction of oxygen are in direct 
relation to the abundance of glandular surface, and since these 
phenomena arrive at their maximum of intensity at the exact 
period when the anthers are most developed, and the sexual 
organs in the greatest state of activity. 

T 4 
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CHAPTER VI. 
FERTILISATION. — HYBRID PLANTS. 


Havine already, in the last chapter, explained the separate 
action of the stamens and pistils, I shall now confine myself 
to the consideration of their physical effect upon each other. 

The duty of the stamens is to produce the matter called 
pollen, which has the power of fertilising the pistil through 
its stigma. ‘The stamens are, therefore, the representatives in 
plants of the male sex, the pistil of the female sex. 

The old philosophers, in tracing analogies between plants and 
animals, were led to attribute sexes to the former, chiefly in 
consequence of the practice among their countrymen of 
artificially fertilising the female flowers of the date with 
those which they considered male, and also from the existence 
of a similar custom with regard to figs. ‘This opinion, 
however, was not accompanied by any distinct idea of the 
respective functions of particular organs, as is evident from 


their confounding causes so essentially different as fertilisation 


and caprification ; nor was it generally applied, although Pliny, 
when he said that “all trees and herbs are furnished with 
both sexes,” may seem to contradict this statement; at least, 
he pointed out no particular organ in which they resided. 
Nor does it appear that more distinct evidence existed of the 
universal sexuality of vegetables till about the year 1676, 
when it was for the first time clearly pointed out by Sir 
Thomas Millington and Grew. Claims are, indeed, laid to 
a priority of discovery over the latter observer by Ceesalpinus, 
Malpighi, and others; but there is nothing so precise in their 
works as we find in the declaration of Grew, ‘that the attire 
(meaning stamens) do serve as the male for the generation of 
the seed.” It would not be consistent with the plan of this 
work to enter into any detailed account of the gradual 
advances which such opinions made in the world, nor to 
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trace the progress of discovery of the precise nature of the 
several parts of the stamens and pistil. Suffice it to say that, 
in the hands of Linnzeus, the doctrine of the sexuality of plants 
was finally established, never again to be seriously contro- 
verted; for the denial of this fact, which has been since 
occasionally made by a few men, such as Alston, Smellie, and 
Schelver, has merely exposed the weakness of such hyper- 
critics. We know that the powder which is contained in the 
case of the anthers, and which is called pollen, must generally 
come in contact with the viscid surface of the stigma, or no 
fecundation can take place. It is possible, indeed, without 
this happening, that the fruit may increase in size, and that 
the seminal integuments may even be greatly developed; the 
elements of all these parts existing before the action of the 
pollen can take effect: but, under such circumstances, what- 
ever may be the developement of either the pericarp or the 
seeds, no embryo can be formed. ‘This universality of sexes 
in vegetables, must not, however, be supposed to extend further 
than what are usually called, chiefly from that circumstance, 
perfect plants. In cryptogamic plants, beginning with ferns, 
and proceeding downwards to fungi, there are either no 
sexual organs whatever, or the males are so imperfectly deve- 
loped as to be invisible, or of no effect. 

In order to ensure the certain emission of the pollen at the 
precise period when it is required, a beautiful contrivance has 
been prepared. Purkinge has demonstrated the correctness of 
Mirbel’s opinion in 1808, that the cause of the dehiscence 
of the anther is its lining, consisting of cellular tissue, cut into 
slits, and eminently hygrometrical. He shows that this lining 
is composed of cellular tissue, chiefly of the fibrous kind, 
which forms an infinite multitude of little springs, that, when 
dry, contract and pull back the valves of the anthers, by a 
powerful accumulation of forces, which are individually 
scarcely appreciable: so that the opening of the anther is not 
a mere act of chance, but the admirably contrived result 
of the maturity of the pollen, —an epoch at which the sur- 
rounding tissue is necessarily exhausted of its fluid by the 
force of endosmose exercised by each particular grain of pollen. 

That this exhaustion of the circumambient tissue by the 
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endosmose of the pollen is not a mere hypothesis, has been 
shown by Mirbel in a continuation of the beautiful memoir 
I have already so often referred to. He finds that, on the 
one hand, a great abundance of fluid is directed into the 
utricles, in which the pollen is developed, a little before the 
maturity of the latter, and that, by a dislocation of those 
utricles, the pollen loses all organic connection with the lining 
of the anther; and that, on the other hand, these utricles are 
dried up, lacerated, and disorganised, at the time when the 
pollen has acquired its full developement. 

The exact mode in which the pollen took effect was for a 
long time an inscrutable mystery. It was generally supposed 
that, by some subtle process, a material vivifying substance 
was conducted into the ovules through the style ; but nothing 
certain was known upon the subject until the observations of 
Amici and of Adolphe Brongniart had been published. It is 
now ascertained that, a short time after the application of 
the pollen to the stigma, each grain of the former emits one 
or more tubes of extreme tenuity, not exceeding the 1500dth 
or 2000dth of an inch in diameter, which pierce the conduct- 
ing tissue of the stigma, and find their way down to the 
region of the placenta, including within them the active mole- 
cules found in the grain. Whether or not the pollen tubes ac- 
tually reach the ovules, remains to be proved. No one has ever 
seen them in contact after the pollen tubes have arrived at the 
placenta; for the tubes which Brown states he has traced into 
the apertures of the ovules of Orchis Morio, and Peristylus 
(Habenaria) viridis, cannot be considered an instance to the 
contrary, inasmuch as this great observer admits that the tubes 
in those plants probably do not proceed from the pollen.* 

Be this as it may, it is quite certain that it is absolutely 
necessary for the pollen to be put in communication with the 
foramen of the ovule, through the intervention of the con- 
ducting tissue of the style. In ordinary cases this is easily 
effected, in consequence of the foramen being actually in 
contact with the placenta. Where it is otherwise, nature has 
provided some curious contrivances for bringing about the 
necessary contact. In Euphorbia Lathyris the apex of the 

* See Appendix. 
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nucleus is protruded far beyond the foramen, so as to lie 
within a kind of hood-like expansion of the placenta: in all 
campulitropous ovules the foramen is bent downwards, by the 
unequal growth of the two sides, so as to come in contact with 
the conducting tissue ; and in Statice Armeria, Daphne Lau- 
reola, and some other plants, the surface of the conducting 
tissue actually elongates and stops up the mouth of the 
ovule, while fertilisation is taking effect. Another case, pre- 
senting similar apparent difficulties, occurs in Helianthemum. 
In plants of that genus the foramen is at that end of the 
ovule which is most remote from the hilum; and although 
the ovules themselves are elevated upon cords much longer 
than are usually met with, yet there is no obvious means 
provided for their coming in contact with any part through 
which the matter projected into the pollen-tubes can be sup- 
posed to descend. It has, however, been ascertained by 
Adolphe Brongniart, that, at the time when the stigma is 
covered with pollen, and fertilisation has taken effect, there is 
a bundle of threads, originating from the base of the style, 
which hang down in the cavity of the ovary, and, floating 
there, are abundantly sufficient to convey the influence of 
the pollen to the points of the nuclei. So, again, in Asclepi- 
adez. In this tribe, from the peculiar conformation of the 
parts, and from the grains of pollen being all shut up in a 
sort of bag, out of which there seemed to be no escape, it was 
supposed that such plants must at least form an exception to 
the general rule. But before the month of November, 1828, 
the celebrated Prussian traveller and botanist, Ehrenberg, had 
discovered that the grains of pollen of Asclepiadeze acquire a 
sort of tails, which are all directed to a suture of their sac on 
the side next the stigma, and which at the period of fertilis- 
ation are lengthened and emitted; but he did not discover 
that these tails are only formed subsequently to the commence- 
ment of a new vital action connected with fertilisation, and 
he thought that they were of a different nature from the pol- 
len-tubes of other plants: he particularly observed in Asclepias 
syriaca that the tails become exceedingly long and hang down. 

In 1831, the subject was resumed by Brown in this country, 
and by Adolphe Brongniart in France, at times so nearly identi- 
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cal that it really seems to me impossible to say with which the 
discovery about to be mentioned originated: it will therefore 
be only justice if the Essays referred to arespoken of collectively, 
instead of separately. ‘These two distinguished botanists as- — 
certained that the production of tails by the grains of the 
pollen was a phenomenon connected with the action of fer- 
tilisation; they confirmed the existence of the suture des- 
cribed by Ehrenberg; they found that the true stigma of 
Asclepiadez is at the lower part of the discoid head of the 
style, and so placed as to be within reach of the suture 
through which the pollen tubes or tails are emitted; they 
remarked that the latter insinuated themselves below the head 
of the style, and followed its surface until they reached the 
stigma, into the tissue of which they buried themselves so 
perceptibly, that they were enabled to trace them, occasionally, 
almost into the cavity of the ovarium; and thus they esta- 
blished the highly important fact, that this family, which was 
thought to be one of those in which it was impossible to sup- 
pose that fertilisation takes place by actual contact between 
the pollen and the stigma, offers the most beautiful of all 
examples of the exactness of the theory, that it is at least 
owing to the projection of pollen-tubes into the substance of 
the stigma. In the more essential parts these two observers 
are agreed: they, however, differ in some of the details, as, 
for instance, in the texture of the part of the style which I 
have here called stigma, and into which the pollen-tubes are 
introduced. Brongniart both describes and figures it as 
much more lax than the other tissue; while, on the other 
hand, Brown declares that he has in no case been able to 
observe “the slightest appearance of secretion, or any differ- 
ences whatever in texture between that part and the general 
surface of the stigma” (meaning what I have described as 
the discoid head of the style). 

It would, therefore, seem that actual contact between the 
pollen and the stigma is indispensable in all cases. Orchi- 
deous plants, however, offer an apparent exception; for in 
them nature has, on the one hand, provided special organs, in 
the form of the stigmatic gland and the caudicle of the pollen 
masses, to assist in the act of fertilisation; and on the other 
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has taken great precautions to prevent contact, by so placing - 
the anther that it is next to impossible for the pollen to touch 

the stigma until the energy of the former is expended. 
Nevertheless, it is represented by Adolphe Brongniart, in a 
paper read before the Academy of Sciences at Paris, in July 
1831, that contact is as necessary in these plants as in others, 
and that, in the emission of pollen-tubes, they do not differ 
from other plants. ‘These statements have been followed up 
by Brown, in an elaborate essay upon the subject, in which 
the results that are arrived at by our learned countryman are 
essentially to the same effect. ‘To these there is at present 
nothing equally positive to oppose ; but, as the indirect obsery- 
ations of Mr. Bauer, and the general structure of the order, 
are much at variance with the probability of actual contact 
being necessary, and especially as Brown is obliged to have 
recourse to the supposition that the pollen of many of these 
plants must be actually carried by insects from the boxes in 
which it is-naturally locked up, it must be considered, I 
think, that the mode of fertilisation in Orchidee is still far 
from being determined. I must particularly remark that the 
very problematical agency of insects, to which Brown has 
recourse in order to make out his case, seems to be singularly 
at variance with his supposition that the insect forms, which 
in Ophrys are so striking, and which he says resemble the 
insects of the countries in which the plants are found, “are 
intended rather to repel than to attract.” It may be true, as 
Brown observes, that there is less necessity for the agency of 
insects in such flowers as the European Ophrydeze ; but what 
other means than the assistance of insects can be supposed to 
extricate the pollen from the cells in the insect flowers of 
Renanthera Arachnites, the whole genus Oncidium, Tetra- 
micra rigida, several species of Epidendrum, Cymbidium 
tenuifolium, Wanda peduncularis, and a host of others. Is it 
not, moreover, possible that the pollen of Orchideous plants . 
may partake so far of the common properties of that form of 
matter as to be capable of emitting (imperfect ?) pollen tubes 
when brought into contact with the necessary stimulus, al- 
though it is not their general character so to do, and although 
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they have the power of parting with their fertilising principle 
in another manner. 

One of the most curious consequences of the presence of 
sexes in plants is the property the latter consequently possess 
of producing mules. It is well known that, in the animal 
kingdom, if the male and female of two distinet species of the 
same genus breed together, the result is an offspring inter- 
mediate in character between its parents, but uniformly in- 
capable of procreation unless with one of its parents; while 
the progeny of varieties of the same species, however dis- 
similar in habit, feature, or general characters, is in all cases 
as fertile as the parents themselves. A law very similiar to 
this exists in the vegetable kingdom. 

Two distinct species of the same genus will often together 
produce an offspring intermediate in character between them- 
selves, and capable of performing all its vital functions as 
perfectly as either parent, with the exception of its being 
unequal to perpetuating itself by seed; or, should it not be 
absolutely sterile, it will become so in the second, third, or, 
very rarely, fourth generation. It may, however, be rendered 
fertile by the application of the pollen of either of its parents ; 
in which case its offspring assumes the character of the parent 
by which the pollen was supplied. This power of hybridising 
appears to be far more common in plants than in animals; for, 
while only a few animal mules are known, there is searcely 
a genus of domesticated plants in which this effect cannot be 
produced by the assistance of man, in placing the pollen of 
one species upon the stigma of another. It is, however, in 
general only between nearly allied species that this intercourse 
can take place; those which are widely different in structure 
and constitution not being capable of any artificial union. 
Thus the different species of strawberry, of certain tribes of 
Pelargonium, and of Cucurbitacez, intermix with the greatest 
facility, there being a great accordance between them in 
general structure and constitution ; but no one has ever suc- 
ceeded in compelling the pear to fertilise the apple, nor the 
gooseberry the currant. And as species that are very dis- 
similar appear to have some natural impediment which pre- 
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vents their reciprocal fertilisation, so does this obstacle, of 
whatever nature it may be, in general present an insuperable 
bar to the intercourse of different genera. All the stories 
that are current as to the intermixture of oranges and pome- 
granates, of roses and black currants, and the like, may, there- 
fore be set down to pure invention. 

It is, nevertheless, undoubtedly true that digeners, that is to 
say mules between different genera, have in some few cases 
been artificially obtained. Kolreuter obtained such between 
Malvaceous plants ; Geertner, between Daturas and Henbane 
and Tobacco ; Wiegman, between a Garden Bean and a Lentil; 
and there are other well-attested cases. But all such produc- 
tions were as short-lived and sickly as they were monstrous. 

By far the best series of observations that has been instituted 
with a view to determine the laws of hybridism was that of 
Kolreuter, who, about the year 1775, commenced a set of 
experiments, which he continued to prosecute for twenty 
years, upon species of the genera Digitalis, Verbascum, Sola- 
num, Malva, Linum, Dianthus, and Mirabilis. It is upon 
those experiments, combined with the subsequent experience 
of others and my own observations, that the foregoing state- 
ment has been made. 

It has, nevertheless, been asserted by divers experienced 
cultivators of the present day, that the conclusions drawn 
from the experiments of Kolreuter have been too hasty; and 
that, if they apply to the genera that were the special subject 
of the attention of that observer, they are by no means appli- 
cable to plants in general. It has been urged, in proof of this 
statement, that many different species of African Gladioli, of 
Pelargonium, of South American Amaryllis, of Crinum, of 
Triticum, &c., breed freely together, and that their seedlings 
are as fertile as themselves. 

I must confess that these instances are by no means such as 
to shake my confidence in the accuracy of the laws deduced 
from Kolreuter’s experiments. In the first place, there is a 
degree of vagueness and looseness in the cases that are 
specified, which is particularly striking if compared with the 
precision with which Kolreuter’s experiments were conducted; 
secondly, in all the instances above mentioned, which, I believe, 
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are the most remarkable, there is much room for doubt 
whether the supposed species upon which the argument is 
founded are any thing*more than wild varieties of each other. 
The African Gladioli are known to intermix freely; but 
Herbert, in his account of them, in the Horticultural Trans- 
actions, vol. iv. p. 16., admits that he cannot speak to the 
power of their mules to perpetuate themselves by seed. No 
botanist can fix positive characters to a large part of the 
reputed species of Pelargonium, or to the South American 
Amaryllises; many of the supposed species of Crinum seem 
to have no better claim to be so considered than the varieties 
that might be picked from a bed of tulips; and, lastly, the 
Tritica czerulescens, polonicum, and tomentosum, upon which 
Bellardi’s experiments were founded, are plants with the 
history of which no man is acquainted, and which, in all 
probability, derive their origin from the Triticum estivum, 
or common wheat. 

All, I think, that can be conceded upon this subject is, that 
more hybrid plants are fertile to the third or fourth generation 
than Kolreuter supposed, and that the degree of their sterility 
will depend very much upon the degree of natural relationship 
which their parents may have possessed. That they will all, in 
time, revert to one or other of their parents, or become abso- 
lutely barren, there can be no doubt whatever. 

Although this power of creating mule plants that are fertile 
for two or three generations incontestably exists, yet in wild 
nature hybrid varieties are far from common; or, at least, there 
are few well-attested instances of their occurrence. Among 
the most remarkable cases, are the Cistus Ledon, constantly 
produced between C. monspessulanus and laurifolius; and 
Cistus longifolius, between C. monspessulanus and populi- 
folius, in the wood of Fontfroide, near Narbonne, mentioned 
by Bentham. The same acute botanist ascertained that Saxi- 
fraga luteopurpurea of Lapeyrouse, and S. ambigua of De 
Candolle, are only wild accidental hybrids between S. are- 
tioides and calyciflora: they are only found where the two 
parents grow together; but there they form a suite of inter- 
mediate states between the two. Gentians, having a similar 
origin, have also been remarked upon the mountains of 
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Europe; and altogether about forty cases of wild reputed 
species have been collected by Schiede, Lasch, and De Can- 
dolle. It is difficult not to believe that a great number of 
the reputed species of Salix, Rosa, Rubus, and other intricate 
genera, have also had a hybrid origin. 

This, as De Candolle justly observes, is an answer to those 
who, like Linnzeus, have assumed that the number of species 
of organised beings has been constantly augmenting, since the 
creation, by the intermixture of different races. All the ob- 
servations that have been made for the last century have not 
produced a catalogue of 50 certain hybrids in a wild state. 

In a practical point of view, I am inclined to believe that 
the power of obtaining mule varieties by art is one of the most 
important means that man possesses of modifying the works of 
nature, and of rendering them better adapted to his purposes. 
In our gardens some of the most beautiful flowers have such 
an origin; as, for instance, the roses obtained between 
R. indica and moschata, the different mule Potentillae and 
Cacti, the splendid Azaleas raised between A. pontica and 
A. nudiflora coccinea, and the magnificent Ameriean-Indian 
Rhododendrons. By crossing varieties of the same species, the 
races of fruits and of culinary vegetables have been brought 
to a state as nearly approaching perfection as we can sup- 
pose possible. And if similar improvements have not taken 
place in a more important department, —namely, the trees that 
afford us timber, — experience fully warrants the belief that, 
if proper means were adopted, improved varieties of as much 
consequence might be introduced into our forests, as have 
already been created for our gardens. 

It is, however, to be regretted that those who occupy them- 
selves with experiments of this kind do not confine them to 
woody or perennial plants which can be perpetuated by cut- 
tings. Mule annuals have the great fault of perishing almost 
as soon as they are obtained, and they serve no other purpose 
than that of encumbering the records of science with accounts 
of plants which, from their transitory existence, can never be 
re-examined. 

In conducting experiments of this kind, it is well to know 
that, in general, the characters of the male parent predomi- 
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nate in the flowers and parts of fructification ; while the foliage 
and general constitution are chiefly those of the female parent. 
Thus, in the celebrated mule Rhododendron, gained by Lord 
_Carnarvon by fertilising R. Catawbiense with R. arboreum, 
the mule variety had the flowers and colour of R. arboreum, 
but more the leaves and hardiness of constitution of R. Ca- 
tawbiense. ‘The same circumstance has been observed in 
hybrid Amaryllises, Centaureas, &c. 

The cause of the sterility of mule plants is at present en- 
tirely unknown. Sometimes, indeed, a deficiency of pollen 
may be assigned; but in many cases there is no perceptible 
difference in the healthiness of structure of the fertilising 
organs of a male plant and of its parents. I know of no 
person who has attempted to prove this by comparative 
anatomical observations, except Professor Henslow, of Cam- 
bridge; who, in an excellent paper upon a hybrid Digitalis, 
investigated anatomically the condition of the stamens and 
pistil, both of his hybrid and its two parents, with great care 
and skill. The result of his enquiry was, that no appreciable 
difference could be detected. 
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CHAPTER VIL. 


OF THE FRUIT. 


Tue fruit, which is mechanically destined as a mere protec- 
tion to the seed, by which its race is to be maintained, is also, 
next to the wood, the most important part in the productions 
of vegetation. It constitutes the principal part of the food, 
especially in winter, of birds and small animals ; it is often 
more ornamental than the flowers themselves, and it con- 
tributes most materially to the necessities and luxuries of 
mankind. When ripe, it falls from the plant, and, borne down 
by its weight, lies on the ground at the foot of the individual 
that produced it: here its seeds vegetate, when it decays, anda 
crop of new individuals arises from the base of the old one; but, 
as plants produced in such a manner would soon choke and 
destroy each other, nature has provided a multitude of ways 
for their greater dispersion. Many are carried to distant spots 
by the animals which eat them: others, provided with a sort 
of wings, such as the samara, and the pappus of Composite, 
fly away upon the wind to seek a distant station; others scat- 
ter their seeds abroad by an explosion of the pericarp caused 
by a sudden contraction of the tissue ; many, falling upon the 
surface of streams, are carried along by the current; while 
others are dispersed by a variety of methods which it would 
be tedious to enumerate. 

The fruit, during its growth, is supported at the expense 
of the sap generally: but most especially of that which had 
been previously accumulated for its maintenance. This is 
less apparent in perennial or ligneous plants than in annual 
ones, but is capable of demonstration in both. Knight has 
well observed, that in annual fruit-bearing plants, such as the 
melon, if a fruit is allowed to form at a very early period of 
the life of the plant, as, for instance, in the axil of the third 
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leaf, it rarely sets or arrives at maturity, but falls off soon 
after beginning to swell, from want of an accumulation of 
food for its support; while, if the same plant is not allowed 
to bear fruit until it has provided a considerable supply of 
food, as will be the case after the leaves are fully formed, and 
have been some little time in action, the fruit which may then 
set swells rapidly, and speedily arrives at the highest degree 
of perfection of which it may be susceptible. And in woody 
trees, also, a similar phenomenon occurs: it is well known to 
gardeners, that, if a season occurs in which trees in a state of 
maturity are prevented bearing their usual crops, the succeed- 
ing year their fruit is unusually fine and abundant ; owing to 
their having a whole year’s extra stock of accumulated sap to 
feed upon. 

The cause of the fruit attracting food from surrounding 
parts is probably to be sought in the phenomenon called endos- 
mose. All the sap that may be at first impelled into the fruit by 
the action of vegetation, not being able to find an exit, collects 
within the fruit, and, in consequence of evaporation, becomes 
gradually more dense than that in the surrounding tissue: it 
will then begin to attract to itself all the more aqueous fluid 
that is in communication with it; and the impulse, once given 
in this way to the concentration of the sap in particular points, 
will continue until the growth of the fruit is completed, and 
its tissue so much gorged as to be incapable of receiving 
any more food, when it usually falls off. 

No one has studied the effects of fruit upon the atmosphere, 
and the nature of the chemical changes it undergoes, with 
more success than ‘Théodore de Saussure and Bérard, an 
account of whose discoveries I partly translate and partly con- 
dense from De Candolle. According to the first of these 
original observers, “ Fruits, while green, whether leafy or 
fleshy, act much as leaves either in the sun or in shade, and 
differ from those organs principally in the intensity of their 
action. In the night they destroy the oxygen of their atmos- 
phere, and replace it with carbonic acid, which they partially 
absorb again. ‘This absorption is generally less in the open 
air than under a receiver; and, their volume remaining the 
same, they consume more oxygen in darkness when distant 
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from ripeness than when they are approaching that state. If 
exposed to the sun, they disengage altogether or in part the 
oxygen which they inspired during the night, and preserve no 
trace of this acid in their ownatmosphere. If many fruits are 
detached from the plant, they thus add oxygen to air which 
contains no carbonic acid. When their vegetation is very 
feeble, or extremely languid, they vitiate the air under all cir- 
cumstances, but less in the sun than in the shade. Green 
fruits detached from a plant, and exposed successively to the 
action of the sun and of darkness, change it but little or not 
at all either in purity or in volume. The trifling variations 
that may be remarked in this respect depend either upon the 
greater or less faculty which they have of elaborating carbonic 
acid, or in their composition, which is modified according to 
the degree of their ripeness. Thus Grapes, in a state of ver- 
juice, appear to assimilate in small quantity the oxygen of the 
carbonic acid which they form in the air where they vegetate 
both day and night; while, on the contrary, Grapes nearly 
ripe give back almost entirely during the day to their own 
atmosphere the oxygen of the carbonic acid they have formed 
in darkness. If there is no deception in this circumstance, 
which, although feeble, appears to have been constant, it 
marks the passage from the acid to the sweet state by indi- 
cating that the acidity of verjuice depends upon the fixing of 
the oxygen of the air, and that this acidity disappears when 
the fruit no longer seeks for carbon in the air or in carbonic 
acid. Green fruits decompose, either entirely or in part, not 
only the carbonic acid they have produced during the night, 
but, in addition, such quantity as may be artificially added to 
their atmosphere. When this last experiment is tried with 
fruits which are not watery, and which, like Apples and 
Grapes, elaborate but slowly carbonic acid, one sees that they 
absorb in the sun a much larger proportion of gas than the 
same volume of water in a similar mixture; afterwards they 
disengage the oxygen of the carbonic acid absorbed, and thus 
appear to elaborate it in their interior. 

‘They appropriate to themselves during their vegetation 
both oxygen and water, compelling the latter to lose its liquid 
state. 
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*“‘ These results are often not observable in volumes of air 
less than from 30 to 40 times that of the volume of the fruit, 
and by diminishing the heating power of the sun. If such 
precautions are neglected, many fruits will vitiate the air even 
in the sun by forming carbonic acid with the ambient oxygen ; 
but, even in the latter case, the simple comparison of their 
effect in light, with what they produce under the influence of 
night and darkness, demonstrates that they decompose car- 
bonic acid.” 

In ripening, fruits undergo some remarkable alterations, 
which have been extremely well explained by De Candolle 
in his condensations of Bérard’s observations : — 

‘‘ If we examine the modifications which the flesh of fruits 
undergoes in ripening, we shall at first remark that their 
fibrous or cellular tissue (which varies very much in quantity 
in different species) is merely lignine: in most cases, espe- 
cially in very fleshy fruits, lighter, less tough, and more easily 
soluble in alkaline solutions than common lignine; but pre- 
senting characters of an opposite kind in other parts of the 
same fruit, such as their stones. 

“The liquid which fills the flesh of succulent pericarps con- 
sists of sap placed in the intercellular passages and of the 
matter contained in the cells. This liquid of the flesh, or of 
the fleshy endocarp, contains, besides a great quantity of 
water, sugar, gum, malic acid, malate of lime, colouring 
matter, a peculiar vegeto-animal substance, and an aromatic 
secretion proper to each fruit: there is, moreover, in certain 
cases, the tartrates both of potash and of lime, as in Grapes ; 
and citric acid in the Lemon, and even in small quantity 
in the Gooseberry.” Bérard could find no trace of starch in 
watery fruits, such as Cherries, Plums, Peaches, Currants, 
Grapes, nor even in Pears and Apples, although it has been 
said to exist in them. 

‘¢ A comparison of the analysis of certain fruits, before they 
are ripe and at that period, gives some curious results. In 
the first place there is a disappearance of water in a liquid 
state, V1Z., per cent,— 
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“ Water before Water at 


ripeness. ripeness. 
“¢ Apricots ; : ; 89°39 74:87 
Currants : : ., ooAl 81°10 
Duke Cherries . . 88:28 74:85 
Green Gages . ; - 74°87 71°10 
Melting Peaches . ; 90°31 80°24 


Jargonelle Pears. .  . 86°25 83°88 


‘¢ This diminution appears to depend in part upon the fruit 
absorbing less water as it approaches maturity, and in part 
upon the combination with its tissue of a portion of the water 
it has received. Sugar, on the contrary, appears to be con- 
tinually on the increase, as indeed the taste would tell us; 


thus we find, per cent.,— 
gl sigsco Ripe. 
*‘ Apricots (a trace when 


young, afterwards) : ; 6°64 16°48 


Red Currants ; ‘ 5 erga 6°24. 
Duke Cherries ; , 1°19 18°12 
Green Gage Plums _. : 17°71 24°81 
Melting Peaches : : . 0°63 11°61 
Jargonelle Pears . : : 6°45 11°52 


‘This sugar is sometimes in a state more or less concrete, 
as in the Grape, the Fig, and the Peach; sometimes in a 
liquid state. It seems to be formed at the expense of other 
matters, the proportion of which diminishes. Thus the quan- 
tity of lignine per cent. is found — 

** Green. Ripe. 

*¢ Apricots é : 3°61 1°86 
Currants (dttshutlites the dees) | SRRPAS 8:01 
Duke Cherries , ; : 2°44. le 
Green Gage Plums. ; o> EG Lid 
Melting Peaches P ; p 3°01 121 
Jargonelle Pears ‘ : 3°80 2°19 


“Tt is possible, indeed, that tia lignine formed in the green 
fruit does not in reality diminish, but that the dilatation of 
the cellular tissue, and consequently the augmentation of the 
aqueous products, renders it proportionably less, without its 
being absolutely so. But the gummy, mucilaginous, or gela- 
tinous matters, appear very susceptible of changing into sugar; 
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thus, Couverchel found that, if we treat apple jelly with a 
vegetable acid dissolved in water, we obtain a sugar analogous 
to that of Grapes; that the gum of Peas, placed with oxalic 
acid, in a temperature of 125° (Réaum.), changed to sugar ; 
that gum extracted from starch, if mixed with the juice of 
green Grapes, rendered the latter saccharine; and finally that 
tartaric acid will produce the same effect by aid of heat: this 
is the reason why most fruits become sweet when cooked. 

“Other matters offer remarkable disparities between one 
fruit and another: thus malic acid keeps diminishing in 
Apricots and Pears, augmenting in Currants, Cherries, Plums, 
and Peaches. Gum keeps diminishing in Currants, Cherries, 
Plums, and Pears, and augmenting in Apricots and Peaches. 
Animal matter keeps diminishing in Apricots and Plums, 
and increasing in Currants, Peaches, Cherries, and Pears. 
Lime, which never exists except in small quantity, seems 
generally to diminish, probably because evaporation becomes 
less with maturity.” 

** After the period which is generally called that of ripeness, 
most fleshy fruits undergo a new kind of alteration; their 
flesh either rots or blets.* These two states of decomposition 
cannot, according to Bérard, take place except by the action 
of the oxygen of the air, although he admits that a very small 
quantity only is sufficient to cause it. He succeeded in pre- 
serving for several months, with little alteration, the fleshy 
fruits which were the subjects of the foregoing experiments, 
by placing them in hydrogen or nitrogen gases. All fruits 
at this extreme period of their duration, whether they decay 
or whether they blet, form carbonic acid with their own car- 
bon and the oxygen of the air, and moreover disengage from 
their proper substance a certain quantity of carbonic acid.” 

«‘ Bletting is in particular a special alteration. I have re- 
marked, in another place, that this condition is not well cha- 
racterised in any other fruits than those of Ebenaceze and 
Pomaceze; that both these natural orders agree in having 
the calyx adherent to the ovary, and that their fruits are austere 


* May I be forgiven for coining a word to express that peculiar bruised 
appearance in some fruits, called b/esst by the French, for which we have 
no equivalent English expression ? 
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before ripening. It would even seem, from the fruits of 
Diospyros, the Sorb, and the Medlar, that the more austere a 
fruit is, the more it is capable of bletting regularly. 

“It has been found that a Jargonelle Pear, in passing to 
this state, loses a great deal of water (8°88 reduced to 
62°73), pretty much sugar (11°52 reduced to 8°77), and a 
little lignine (2°19 reduced to 1°85); but acquires rather 
more malic acid, gum, and animal matter. ~ Lignine, in par- 
ticular, seems in this kind of alteration to undergo a change 
analogous to that of wood in decay.” 

The foregoing experiments have led to the discovery that 
fruits, which do not require to remain on the tree, may be pre- 
served for some time, and thus the pleasure they afford us 
prolonged. ‘The most simple process consists in placing, at 
the bottom of a bottle, a paste formed of lime, sulphate of 
iron, and water, and afterwards introducing the fruit, it 
having been pulled a few days before it would have been ripe. 
Such fruits are to be kept from the bottom of the bottle, and, 
as much as possible from each other; and the bottle to be 
closed by a cork and cement. ‘The fruits are thus placed in 
an atmosphere free from oxygen, and may be preserved for a 
longer or shorter time, according to their nature: peaches, 
prunes, and apricots, from twenty days to a month; pears 
and apples for three months. If they are withdrawn after 
this time, and exposed to the air, they ripen extremely well ; 
but, if the times mentioned are much exceeded, they undergo 
a particular alteration, and will not ripen at all. 
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CHAPTER VIII. 


OF THE SEED. 


Tue action of the seed is confined to that phenomenon which 
occurs when the embryo that the seed contains is first called 
into life, and which is named germination. 

If seeds are sown as soon as they are gathered, they gene- 
rally vegetate, at the latest, in the ensuing spring ; but, if they 
are dried first, it often happens that they will lie a whole year 
or more in the ground without altering. ‘This character 
varies extremely in different species: the power of preserving 
their vitality is also extremely variable; some will retain their 
germinating powers many years, in any latitude, and under 
almost any circumstances. Melon seeds have been known to 
grow when 41 years old, Maize 30 years, Rye 40 years, the 
Sensitive plant 60 years, Kidney Beans 100 years. Clover 
will come up from soil newly brought to the surface of the 
earth, in places in which no clover had been previously 
known to grow in the memory of man, and I have at this 
moment 3 plants of Raspberries before me, which have been 
raised in the garden of the Horticultural Society from seeds 
taken from the stomach of a man, whose skeleton was found 
30 feet below the surface of the earth, at the bottom of a 
barrow which was opened near Dorchester. He had been 
buried with some coins of the Emperor Hadrian, and it is 
therefore probable that the seeds were sixteen or seventeen hun- 
dred years old. 

The chemical action of seeds has been admirably explained 
by De Candolle, from whom the principal part of what follows 
is borrowed, with the addition of some recent observations by 
Edwards and Colin. 

Water, heat, and atmospheric air (or at least oxygen) are 
the conditions without which germination cannot take place. 
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If any one of them is abstracted, the other two are of no effect: 
it is, however, doubtful whether it ever happens in nature, 
that the act of germination takes place under conditions so 
simple as those; it is usually a much more complicated phe- 
nomenon. 

Water is the agent to which we are most in the habit of 
assigning the power of causing the growth of seeds; to air 
and heat they are generally exposed more or less, and it is by 
the addition of water that the two latter are popularly con- 
sidered to be brought into active operation. According to 
De Candolle, it is a general property of seeds to absorb during 
this period of germination more than their own weight of 
water; but no regular proportions have been remarked, and 
it is probable that the respective power of different seeds de- 
pends upon the nature of the matter deposited in their tissue. 
The effect of water may be supposed to be that of softening 
the tissue, of enabling all the parts to distend, and of dis- 
solving the soluble parts so as to render them fit to be taken 
into the circulation as the young plant becomes capable of 
absorbing them. 

Boiled or distilled water, however, is not capable of bring- 
ing about the germination of seeds, provided it entirely sur- 
rounds them; it is indispensable that oxygen should have 
ready access tothem. Germination in fact cannot take place 
in vacuo ; nor in an atmosphere of nitrogen, or hydrogen, and 
still less in carbonic acid; or at least, if in this latter gas 
some traces of germination manifest themselves, they rapidly 
disappear: it can only occur in free oxygen. Of this but a 
small proportion is really necessary ; from § to 33, according 
to different observers. But 1 part of oxygen and 3 of 
nitrogen are the proportions which seem to be the most fa- 
vourable, and this is not very different from the proportions 
in atmospheric air; viz. 1 of oxygen and 4 of nitrogen. A 
too large dose of oxygen weakens the young plant by ab- 
stracting its carbon too rapidly. 

Experiments show that the oxygen is not absorbed by the 
seed, but combines with its carbon, forming carbonic acid, which 
is thrown off. When a seed ripens, a considerable quantity of 
carbon is stored up in its tissue, apparently for the purpose of 
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enabling it to “ preserve the unalterability” to which its pre- 
servation is owing. This superfluous carbon renders it 
scarcely soluble in water. To enable the parts to be suffi- 
ciently moistened, it is consequently necessary that the seed 
should be decarbonized by the oxygen of the air. This ex- 
plains why Peas scarcely ripe will germinate much more 
rapidly than those which are fully matured; the former con- 
tain more pure water and less carbon. In fact, the effect of the 
abstraction by oxygen of the fixed carbon is to bring back the 
seed to the state in which it was before it was provided with the 
means of remaining unchanged in a torpid state. ‘The sweet 
taste of germinating barley is, in reality, what the seeds pos- 
sessed before they were finally hardened. ‘The destruction of 
the oxygen of the air by the carbon of the seed produces a 
sensible heat in germination, just as a similar cause produces 
a similar effect in flowers when the foecula of their disk is 
converted into sugar (see p. 276.). Hence the heat of masses 
of Barley which are made to germinate in darkness in order 
to become malt. And it can scarcely be doubted, that the 
change of the starch of that grain into sugar is chemically 
owing to the abstraction of a proportion of its carbon and the 
addition of some other proportion of oxygen. 

In the opinion of some persons, oxygen also acts asa stimu- 
lant of the vital actions of the embryo. Humboldt remarked 
that seeds plunged in chlorine, and taken out before the 
radicle appears externally, germinate more rapidly than 
ordinary; Cress, for instance, may thus be made to germinate 
in 6 hours instead of 24 or 30. He even succeeded, by this 
process, in bringing about germination in old seeds which ap- 
peared destitute of the power. These experiments have not, 
however, succeeded in all hands: in many cases it is possible 
that the success that is said to have attended them has been 
imaginary ; and, as the theory upon which the action of chlo- 
rine was explained is now abandoned, one cannot avoid en- 
tertaining doubts as to the accuracy of the alleged facts. 

Heat it is in which the stimulus necessary to call the 
vitality of seeds into action seems really to reside. No seed can 
germinate at a temperature so low as that of freezing; and 
each seems to have some one temperature more proper for it 
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than any other at the first dawn of its life. If, says De 
Candolle, the temperature is too high, germination proceeds 
too rapidly, and the result is weak and languishing plants, 
in which we cannot avoid recognising beings too much excited 
and badly nourished. If the temperature is too low, the ex- 
citement is not sufficient, and it often happens that the seed 
cannot resist the decay induced by the water it has absorbed 
but not assimilated. It is between these limits that a suitable 
temperature for every species is to be sought. 

Edwards and Colin have instituted some experiments to 
determine what temperature seeds can bear. They found that 
Wheat, Barley, and Rye could germinate at 7° Cent. 
44°6 Fahr.) ; and that grain of the same description did not 
apparently suffer by being exposed for a quarter of an hour 
to a temperature equal to freezing mercury : such grains were 
afterwards placed in a proper situation, and germination took 
place as usual. Considering that the particles of foecula of 
which seeds consist are not liable to bursting below a tem- 
perature of 75° Cent. (167° Fahr.), these observers were led 
to ascertain how near an approach to this extreme tempera- 
ture might be made without destroying vegetable life. Seeds of 
various cereal and leguminous plants were placed fora quarter of 
an hour in water of this temperature, and they were all killed ; 
five minutes were afterwards ascertained to suffice for the de- 
struction of three in five. Less elevated temperatures were next 
experimented on: Wheat, Barley, Kidney Beans, and Flax 
were killed in 274 minutes by water at 62° Cent. (143°6 Fahr.) 
a few grains of Rye and some Beans required a longer expo- 
sure to be destroyed. When the temperature was lowered to 
52° Cent. (125°6 Fahr.) most of the seeds in experiment re- 
tained their vitality; but even this was fatal to Barley, 
Kidney Beans, and Flax. 

Fluid water has conducting powers very different from those 
of vapour or of dry air; it was thereupon important to deter- 
mine whether the temperature that seeds can bear is regulated 
by the nature of the medium in which they are exposed to it. 
In vapour 75° Cent. (167° Fahr.) were sufficient to destroy 
such seeds as were exposed, but at 62° Cent. (143°6 Fahr.) 
they retained their vitality after having been under experiment 


302 PHYSIOLOGY. BOOK II, 


for a quarter of an hour. But in dry air many seeds bore the 
temperature of 75° Cent. (167° Fahr.) for a quarter of an 
hour without inconvenience. Hence it appears that seeds in 
steam can bear 12° Cent. more than in water, and in dry air 
13° Cent. more than in steam. 

In these experiments the action of temperature was ex- 
tremely rapid. In lowering the temperature and prolong- 
ing its action, it was found that when Wheat, Rye, and 
Barley were exposed for three days on water to a tempera- 
ture of 35° Cent. (95° Fahr.), four-fifths of the Wheat 
and Rye, and all the Barley, were killed. Hence it would 
appear that 35° Cent. form the highest limit of temperature 
which corn can bear under such circumstances. But in sand 
or earth the same grains sustained a prolonged temperature of 
40° Cent. (104° Fahr.) without inconvenience ; at 45° Cent. 
(113° Fahr.) a great part perished; at 50° Cent. (122° Fahr.) 
the whole of them. 

These remarkable experiments are calculated to throw 
great light upon the cause of the impossibility of making 
certain plants multiply themselves by seeds in hot countries. 
If Wheat, Barley, &c., cannot endure a prolonged tempera- 
ture above 40° Cent., and the temperature of the soil is in 
some countries and soils as high as 60° Cent. (140° Fahr.), as 
Humboldt asserts, or between 48° and 53° Cent. (122° Fahr.), 
even in some parts of France, as Arago states,—it is evident 
that the seeds of corn placed in such situations will perish. 

Exposed to the influence of water, heat and air, the parts 
of a seed soften and distend; the embryo swells and bursts its 
envelopes, extending the neck and the bases of the cotyledons, 
and finally emitting its radicle, which pierces the earth, de- 
riving its support at first from the cotyledons or albumen, but 
subsequently absorbing nutriment from the soil, and commu- 
nicating it upwards to the young plant. ‘The manner in which 
the embryo clears itself from its integuments differs in various 
species: sometimes it dilates equally in all directions, and 
bursts through its coat, which thus becomes ruptured in every 
direction ; more frequently the radicle passes out at the hilum, 
or near it, or at a point apparently provided by nature for 
that purpose, as in Canna, Commelina, &c. If the radicle 


CHAP. VIII. SEED. 3038 


has a coleorhiza or rootsheath, this is soon perforated by the 
radicle contained within it, which passes through the ex- 
tremity; as in grasses, and most monocotyledonous plants. 
The cotyledons either remain under ground, sending up their 
plumule from the centre, as in the oak; or from the side of 
their elongated neck, as in monocotyledons; or they rise 
above the ground, acquire a green colour, and perform the 
ordinary functions of leaves, as in the radish and most plants. 
In the Mangrove, germination takes place in the pericarp 
before the seed falls from the tree; a long thread-like radicle 
is emitted, which elongates till it reaches the soft mud in which 
such trees usually grow, where it speedily strikes root, and 
separates from its parent. Trapa natans has two very unequal 
cotyledons ; of these, the larger sends out a very long petiole, 
to the extremity of which are attached the radicle, the plu- 
mule, and the smaller cotyledon (Mirbel). Cyclamen 
germinates like a monocotyledon: its single cotyledon does 
not quit the seed till the end of germination ; and its radicle 
thickens into a fleshy knob, which roots from its base (Mirbel). 
The Cuscuta, which has no cotyledons, strikes root downwards, 
and lengthens upwards, clinging to any thing near it, and 
performing all the functions of a plant without either leaves 
or green colour. In monocotyledons the cotyledon always 
remains within the seminal integuments; while its base 
lengthens and emits a plumule. In Cycas, which has two 
cotyledons, the seminal integuments open, and the radicle 
escapes. 

It has already been seen that under certain circumstances the 
vitality of seeds may be preserved for a very considerable 
length of time; but it is difficult to say what are the exact 
conditions under which this is effected. We learn from experi- 
ment that seeds will not germinate if placed in vacuo, or in an 
atmosphere of hydrogen, nitrogen, or carbonic acid; but no 
such conditions exist in nature, and, therefore, it cannot be 
they which have occasionally preserved vegetable vitality in the 
embryo plant for many years. Perhaps the following remarks, 
in a work lately published by the Society for the Diffusion of 
Useful Knowledge, may throw some light upon the subject :— 

*¢ It may, upon the whole, be inferred from the duration of 
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seeds buried in the earth, and from other circumstances, that 
the principal conditions are, 1. uniform temperature ; 2 mo- 
derate dryness ; and 3. exclusion of light. And it will be 
found that the success with which seeds are transported from 
foreign countries in a living state is in proportion to the care 
and skill with which these conditions are preserved. For 
example, seeds brought from India, round the Cape of Good 
Hope, rarely vegetate freely: in this case the double expo- 
sure to the heat of the equator, and the subsequent arrival of 
the seeds in cold latitudes, are probably the causes of their 
death; for seeds brought overland from India, and therefore 
not exposed to such fluctuations of temperature, generally 
succeed. Others, again, which cannot be conveyed with 
certainty if exposed to the air, will travel in safety for 
many months if buried in clay rammed hard in boxes: in 
this manner only can the seeds of the Mango be brought 
alive from the West Indies; and it was thus the principal part 
of the Araucaria Pines, now in England, were transported 
from Chile. It may therefore be well worth consideration 
whether, by some artificial contrivance, in which these prin- 
ciples shall be kept in view, it may not be possible to reduce 
to something like certainty the preservation of seeds in long 
voyages. Such, for instance, as by surrounding them by 
many layers of non-conducting matter, as case over case of 
wood; or by ramming every other space in such cases with 
clay in a dry state. ‘These means seem more likely to answer 
their end than the usual modes of putting seeds in bottles, 
packing them in charcoal, or surrounding them by coats of 
wax — all of which, it is well known, are absolutely prejudi- 
cial, instead of beneficial, to the seeds. In illustration of what 
we have recommended, we may add that seeds are well 
known to travel best in their own pods, or pericarps; may 
we not suppose that their vitality is preserved in such in- 
stances by the non-conducting quality of the air which the 
cavities of the fruit contain ?” 
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OF THE FOOD OF PLANTS — MANURE. 


Tue principal part of the food of plants is derived from the 
earth, and is introduced into their system through the roots. 
The latter are, however, incapable of absorbing anything 
solid; fluid and gaseous matter only can pass through their 
spongelets. Itis, perhaps, exclusively in the form of water 
that the nutritive matter of the soil is received by roots ; not, 
however, of pure water, which in fact does not exist in nature, 
but of water holding various solid matters in solution, the 
most remarkable and abundant of which are silex, lime, and 
many of its salts, several other earths, oxyde of iron, and 
copper. 

These substances, however, although they undoubtedly each 
perform their allotted part in the economy of vegetation, — 
consolidating the tissue, hardening the cuticle, or assisting 
in depriving a plant of organs which become unhealthy and 
worn out, — cannot be altogether considered as nutritive mat- 
ter. There are, perhaps, only two forms of matter, which can 
properly be called nutritive ; the one is carbon, the other water. 

Soil in its natural state is filled with the remains of organic 
bodies, which decompose and become converted into carbo- 
nic acid. In proportion to the abundance of these is soil 
fertile. The carbonic acid, thus incessantly forming below 
the surface of the earth, enters freely into the roots ; combining 
with water and such other principles as may already have 
been formed there, it ascends the stem, apparently decompos- 
ing to a certain extent as it passes along, and giving its oxygen 
to the spiral vessels, which convey it into other parts of the 
system; when it reaches the leaves, it liberates its oxygen 
completely, and leaves its carbon to combine with the 
tissue of vegetation, or to enter into new proportions with 
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water, atmospheric air, or other elements that it finds it- 
self in contact with: whence proceed the gummy, amylaceous, 
resinous, oily, and other products peculiar to the vegetable 
kingdom. Upon this subject it has been observed by a modern 
writer, ‘‘that if the roots of a plant are placed in a close vessel, in 
distilled water, from which carbonic acid has been carefully ex- 
pelled, the plant may increase a little in size, in consequence of 
the decomposition of the water and the combination of its ele- 
ments with the vegetable system; but it is only when carbonic 
acid is added that the plant acquires its natural vigour and 
rate of growth. But if a plant is placed in solid carbon, and 
you water it with distilled water, it might as well be planted 
in powdered glass, until the carbon begins to combine with 
the oxygen of the air, and to form carbonic acid. Sir Hum- 
phrey Davy placed a plant of Mint in water mixed with carbon 
in a state of impalpable powder, and he found that not a par- 
ticle could enter the roots. If we look to the effects of 
manures, we shall find that in most cases, except when their 
object is to alter the state of the soil mechanically, or to act 
as stimulants, as is probably the case with sulphate of iron, 
their energy is in proportion to their capability of forming 
carbonic acid. Yeast, for instance, which is one of the most 
active manures we have, is so from possessing, beyond all 
other substances, the power of exciting fermentation, and thus 
of causing the formation of carbonic acid among the vegetable 
matter which lies buried in the soil. 

*‘ While, however, all experiments combine to prove that 
carbonic acid is the most essential of the elements upon which 
plants are nourished, it is necessary that the student should 
be aware that other species of matter are constantly taken 
into the system, and probably, therefore, contribute to their 
nutrition. 

“Water is one of these. Although we know that a very 
large proportion of all the water absorbed by a plant is lost 
again by evaporation, yet the experiments of Théodore de 
Saussure have shown that a portion of it is actually solidified. 
He found that when plants are grown in a close vessel, in an 
artificial atmosphere, containing a little carbonic acid, the 
weight which the plant acquired in a given time was aug- 
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mented, not only by the quantity of carbon produced by the 
decomposition of carbonic acid, but to a much more consider- 
able extent, which could only be ascribed to its having 
fixed a considerable quantity of water; thus plants of the 
Periwinkle, which, in a vessel without carbonic acid, had gained 
13 grain from water, acquired 5%; when they were at the same 
time able to procure carbon. ‘The same excellent observer 
has computed, that if we calculate with the utmost care all 
the weight which a plant can gain, either by fixing carbon, or 
by depositing earthy, saline, alkaline, and metallic matter 
which it borrows from the soil, or by respiring oxygen, or 
from the soluble matter of soil, we shall not be able to account 
for more than a twentieth part of the real weight of such a 
plant. The other nineteen-twentieths must, therefore, be 
fixed water. Whatever errors there may be in calculations 
of this nature, there cannot be a doubt that they are correct 
to so considerable an extent as to oblige us to admit that 
water forms a considerable part of the solid tissue of plants; 
so that it would appear that, like minerals, plants have a wa- 
ter of crystallization independently of their water of vegetation. 

«‘ As it has been pretty well made out that all the oxygen 
given off by plants is produced by the decomposition of car- 
bonic acid, and as no one has ever been able to detect the 
emission of hydrogen by any plants except Mushrooms, it is 
inferred that, if the water which is consumed by plants is ever 
decomposed, it is in the formation of the various secretions 
which contain more oxygen (acids), or more hydrogen (oils), 
than water; but as the greater part of vegetable substances, 
such as gum, sugar, fecula, &c., contain oxygen and hydrogen 
in the same proportions as water, it can hardly be doubted 
that the greater part is undecomposed and simply fixed. 

“It was formerly thought that nitrogen, or azote, has no- 
thing to do with the nutrition of plants, and that in those cases 
where it was met with it was merely in a state of separation 
from the atmospheric air which had been inhaled and depriv- 
ed of its oxygen and carbonic acid. But its constant presence 
in combination with the tissue of Mushrooms and of Crucife- 
rous plants, in gluten, and what chemists call vegetable albu- 
men, and also in vegetable alkalies, seems a sufficiently strong 
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proof of its contributing, in some way or other, to the nutri- 
tion of the vegetable system.” 

Fixed as plants are to the soil, deprived of volition, and. 
incapable of removing their highly absorbent roots from what 
is hurtful to them, except with extreme slowness, it appears 
scarcely probable that they should have any power of select- 
ing their food; on the contrary, the facility with which they 
are poisoned would seem to confirm the correctness of the 
usual supposition. But, if roots are made to grow in 
coloured infusions, it is said that they take up only the co- 
lourless parts, leaving the coloured behind ; and we know that 
if an apple tree is planted in a piece of ground in which an- 
other apple tree has been growing many years, the new plant 
will languish and become unhealthy, whatever quantity of 
manure, that is of new food, may be offered to its roots. This 
last fact is accounted for upon the supposition that the soil 
contains some peculiar principles which are necessary to the 
health of an apple tree, and that the old tree, having selected 
for its own consumption all that the soil contained, has left 
none behind it for the new comer ; but the probability is that 
this hypothesis is untenable, and that the fact is to be ex- 
plained upon very different principles (see Chap. X.). It has 
been, however, demonstrated by Daubeny that plants have, to 
a certain extent, a power of selection by their roots. He 
found that when barley was watered with distilled water, con- 
taining in every two gallons two ounces of nitrate of strontian, 
not a trace of that earth could be detected in the ashes of 
the plants; and when Lotus tetragonolobus was treated in a 
similar manner, excepting that only two ounces of nitrate of 
strontian were dissolved in ten gallons of distilled water, 
although the whole of that quantity was expended upon them, 
a minute examination demonstrated that the stems contained 
no trace whatever of strontian, although a small portion ap- 
peared to be present in, or at least adherent to, the roots. By 
other experiments it was ascertained, that the strontian was 
not in these cases first received into the system, and afterwards 
rejected through the roots ; for when the roots of a Pelargonium 
were divided into two nearly equal bundles, one of which 
had its extremity immersed in a glass containing a weak solu- 
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tion of nitrate of strontian, the other in one containing pure 
distilled water, after the lapse of a week the water in the 
second glass was tested, but no strontian could be discovered 
in it, although a single grain in one pint would have been 
readily detected. Hence it appears, ‘“‘ that plants do possess, 
to a certain extent at least, a power of selection by their roots, 
and that the earthy constituents which form the basis of their 
solid parts are determined as to quantity by some primary 
law of nature, although their amount may depend upon the 
more or less abundant supply of the principles presented to 
them from without.” Zinn. Trans. xvii. 266. 

It must be obvious that the exhaustion of soil by plants 
means their having consumed all the nutritive particles that 
it contains. Whether this means all particles that are ca- 
pable of forming carbonic acid, is, however, not so certain: 
it is highly probable that other matters are equally indispen- 
sable to the health of particular plants ; as, for example, of corn. 
Corn cannot remain im health unless it has the power of at- 
tracting fluid silex from the earth, and of consolidating it in 
its cuticle. It is to be supposed that the presence of alkaline 
principles in the soil is necessary to render the siliceous mat- 
ter soluble; therefore, to exhaust a soil of alkaline principles 
would be to render it unfit for the support of corn ; and, con- 
sequently, alkaline principles may be considered nutritive 
in regard to corn: and so of other things. 

Hence arises the very complicated nature of the theory of 
manures, and the seeming impossibility of reducing it to any 
fixed and intelligible laws. Ignorant as we are of most of the 
more obscure phenomena that are attendant upon vegetable 
life, unacquainted with the action of a large proportion of the 
principles that the chemist discovers among the tissue of plants, 
and incapacitated by our limited means of observation from 
watching any except the most obvious and general properties 
of living vegetable matter, we cannot expect, in such a state of 
things, to arrive at any precise ideas as to what kind of food 
or stimulants exercises the most energetic and wholesome in- 
fluence upon plants. I accordingly feel no surprise at the 
statement of a friend of mine, well known alike for his agri- 
cultural skill, his chemical knowledge, and his remarkable 
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good sense, that chemistry has hardly advanced the art of 
agriculture a single step, but that the latter remains, after all 
the investigations of the chemists, a mere empirical art.” 

All that chemistry can he said to have ascertained with 
regard to the general properties of manures amounts to this, 
that those are the best which part with carbonic acid most 
slowly and steadily. If carbonic acid is at first evolved 
rapidly, plants become gorged, as it were, and are stimulated ; 
and if, as is usual in such cases, the carbonic acid is afterwards 
liberated very slowly, they become starved. ‘This is especially 
the case with animal matter. But, according to Payen, the 
addition of animal charcoal to such matter moderates its de- 
composition: at first this mixture yields but little carbonic 
acid; but, as the charcoal becomes saturated with the pro- 
ducts furnished by the alteration of the decaying matter, the 
decomposition of the latter is accelerated, and corresponds 
with the progress of vegetation. 

Those who wish to understand the modern opinions con- 
cerning the action of manures (properly so called) should 
consult De Candolle’s “ Physiologie,” p. 1278., and some 
papers by Payen in the “ Annales des Sciences naturelles,” 
vol. xxx., &c. 
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CHAPTER X. 


OF DIGESTION, RESPIRATION, AND THE PECULIAR SECRETIONS 
OF PLANTS. 


Arter the food is received into the system of a plant, it is 
gradually conveyed into the leaves, where it becomes decom- 
posed or digested. It is probable that, in its passage through 
the stem, it undergoes some kind of decomposition, leaving 
a portion of its water and carbon fixed among the tissue; but 
it is principally in the leaves that it is altered. By the time, 
however, that it has arrived in these organs, it is by no means 
in the same state as when it entered the roots; but it becomes 
altered in its nature, and in its specific gravity, by the addi- 
tion of what soluble matter it meets with in its progress, — as 
has been proved experimentally by Knight. 

The alteration that the fluids of plants undergo in their 
leaves appears to consist in parting with superfluous water 
by evaporation; in decomposing carbonic acid; and in assi- 
milating the various matters which are left behind. The 
causes of these actions are believed to be light, and the atmo- 
spheric dryness which light produces. 

According to De Candolle, it is light alone to which eva- 
poration and the secretion of fluids by the roots are to be as- 
signed. Hesays, “If you select three plants in leaf, of the 
same species, of the same size, and of the same strength, and 
place them in close vessels, one in total darkness, the other in 
the diffused light of day, and the third in the sunshine, it will 
be found that the first pumps up very little water, the second 
much more, and the third a great deal more than either. 
These results vary according to species and circumstances; 
but it uniformly happens that plants in the sun absorb more 
than those in diffused light, and the latter more than those in 
darkness ; the last, however, pumping up something. If, again, 
we take three similar plants, and, preventing their absorption 
by the roots, after weighing them carefully, place them in 
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three similar situations, we shall find that that exposed to the 
sun has lost a great quantity of water, that in common day- 
light a less amount, and that which was in total darkness 
almost nothing.” 

It is, however, to be supposed that light is in these cases 
the remote, rather than the immediate cause, of evaporation : 
we cannot apply solar light to plants without heating and 
rarefying their atmosphere, and it is the comparative dryness 
thus produced which is the great cause of evaporation or per- 
spiration. It is a welk known fact that plants perspire in a 
sitting room, the air of which is constantly dry, but which is 
but imperfectly illuminated, so much more than in the open 
air exposed to the direct rays of the sun, that it is impossible 
to keep many kinds of plants alive in such a situation. 

Light is, however, to all appearance the exclusive cause of 
the decomposition of carbonic acid. It was long since re- 
marked by Priestley, that if leaves are immersed in water, and 
placed in the sun, they part with oxygen. ‘This fact has been 
subsequently demonstrated by a great number of curious ex- 
periments, to be found in the works of Ingenhouz, Saussure, 
Senebier, and others. Saussure found that plants in cloudy 
weather, or at night, inhaled the oxygen of the surrounding 
atmosphere, but exhaled carbonic acid if they continued to 
remain in obscurity. But, as soon as they were exposed to 
the rays of the sun, they respired the oxygen they had pre- 
viously inhaled, in about the same quantity as they received it, 
and with great rapidity. Dr. Gilly found that grass leaves 
exposed to the sun in a jar for four hours produced the fol- 
lowing effect : — | 
At the beginning of the experiment | At the close of the experiment there 


there were in the jar: — were : — 
Of nitrogen - - - 10.507 | Of nitrogen - - . 10.507 
Of carbonic acid - 2 Dol Of carbonic acid - - ot 
Of oxygen - - > 2.793 | Of oxygen - - : 7.79 


19.000 18.667 


Heyne tells us that the leaves of Bryophyllum calycinum, 
in India, are acid in the morning, tasteless at noon, and bitter 
in the evening; Link himself found that they readily stained 
litmus paper red in the morning, but scarcely produced any 
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such effect at noon. The same phenomenon is said also to 
occur in other plants, as Cacalia ficoides, Sempervivum 
arboreum, &c. ‘This stain in the litmus paper could not have 
arisen from the presence of carbonic acid, as that gas will not 
alter blue paper, but it must have been caused by the oxygen 
inhaled at night. “If,” says De Candolle, “ two plants are 
exposed, one to darkness and the other to the sun, in close 
vessels, and in an atmosphere containing a known quantity 
of carbonic acid, and are removed at the end of twelve hours, 
we shall find that the first has diminished neither the quantity 
of oxygen nor of carbonic acid; and that in the second, on 
the contrary, the quantity of carbonic acid has diminished, 
while the quantity of free oxygen has increased in the same 
proportion. Or if we place two similar plants in closed vessels 
in the sun, the one in a vessel containing no carbonic acid, and 
the other in air which contains a known quantity of it, we shall 
find that the air in the first vessel has undergone no change, 
while that in the second will indicate an increase of oxygen 
proportioned to the quantity of carbonic acid which has dis- 
appeared ; and, if the experiment is conducted with sufficient 
care, we shall discover that the plant in question has gained a 
proportionable quantity of carbon. ‘Therefore, the carbonic 
acid which has disappeared has given its oxygen to the air 
and its carbon to the plant, and this has been produced solely 
by the action of solar light.” 

It is a very curious circumstance, however, that although 
the direct solar rays are requisite to produce a decomposition 
of carbonic acid in plants under experiment, yet that the 
most feeble diffused light of day, is sufficient to produce the 
result more or less in a natural state. ‘Thus we find that 
plants growing in wells, in rooms partially darkened, in deep 
forests, on the north side of high walls, and on which not a 
single ray of sunlight ever fell, become green, and often 
perform all their functions, without much apparent incon- 
venience. Yet De Candolle found the purest daylight, the 
brightest lamp-light, insufficient to bring about the decompo- 
sition of carbonic acid. 

‘¢ It is not any kind of water in which oxygen will be evolved 
in the sunshine; neither boiled water, nor distilled water, nor 
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that in which nitrogen, hydrogen, or even oxygen, have been 
dissolved, will produce the result. But if a small quantity of 
carbonic acid is dissolved in the water, the green parts, stimu- 
lated by the sun, disengage oxygen. Various ingenious means 
have been contrived to prove this fact, and to show that the 
quantity of oxygen given out is proportioned to the quantity 
of carbonic acid decomposed. One of the prettiest experiments 
is the following, by De Candolle:— He placed in the same 
cistern two inverted glasses, of which one (A), as well as the 
cistern itself, was filled with distilled water, and had a plant 
of Watermint floating in it; the other glass (B) was filled with 
carbonic acid. ‘The water of the cistern was protected from 
the action of the atmosphere by a deep layer of oil. The ap- 
paratus was exposed to the sun. ‘The carbonic acid in the 
glass B diminished daily, as was obvious from the water rising 
in it; and at the same time there rose to the top of the glass 
A a quantity of oxygen, sensibly equal to the quantity of car- 
bonic acid absorbed. During the twelve days that the experi- 
ment was continued, the Mint plant remained in good health ; 
while, on the contrary, a similar plant, placed under a glass, 
filled with distilled water only, had disengaged no oxygen, 
and exhibited manifest signs of decomposition. The same 
experiment having been tried, only employing oxygen in the 
place of carbonic acid, no gas was disengaged in the glass that 
contained the Mint plant.” 

‘¢ This is sufficient to show.that the green parts of plants ex- 
posed to the sun decompose carbonic acid. By others, not 
less ingenious, it has been ascertained that the carbon which 
is the result becomes fixed in the plant itself. It has been 
found that Periwinkles, growing where carbonic acid had ac- 
cess to them, gained carbon; while similar plants, in a situ- 
ation cut off from the access of carbonic acid, not only gained 
no carbon, but lost a part of what they previously possessed. 

‘“‘ If the green parts are placed in the dark, in a receiver full 
of atmospheric air, we find that the quantity of oxygen is per- 
ceptibly diminished. From this, and many other consider- 
ations, we are forced to conclude that oxygen is absorbed by 
plants at night. ‘This gas does not, however, remain in the 
system of a plant in an elastic state, for neither the air-pump 


CHAP. X. DIGESTION. 315 


nor heat will disengage it; but it appears to incorporate itself 
with the tissue, since solar light readily disengages it. The 
inference therefore is, that it is absorbed at night, and com- 
bines with the carbon already existing, forming carbonic acid, 
and that the latter is decomposed by the sun, as has before 
been shown.” 

It has been ascertained from other experiments that a small 
quantity of carbonic acid is perpetually evolved by leaves 
both day and night. Some observations by Burnett upon this 
subject are detailed in the “Journal of the Royal Institution,” 
and have led their ingenious author to the opinion, that under 
the name of respiration two distinct phenomena are con- 
founded; and that while respiration, properly so called, which 
consists in the extrication of carbonic acid, is incessantly 
in action, digestion, which is indicated by the decomposi- 
tion of carbonic acid and extrication of oxygen, takes place 
exclusively in daylight. ‘ Hence,” he says, ‘are we not jus- 
tified in concluding that the production of oxygen, and its 
converse, the formation of carbonic acid, are the unvarying 
results of two different functions; viz. this of respiration, that 
of digestion; and that both are vegetative actions dependent 
upon vitality? To conclude: the formation of carbonic acid 
is constant both by day and night, during the life of the vege- 
table; it is equally carried on whether in sickness or in 
health; it is essential to its existence for the sustentation of 
its irritability ; for, if deprived of oxygen, and confined in car- 
bonic acid gas, plants, like animals, quickly die. ‘This func- 
tion, which is performed chiefly by the leaves and petals, 
though also in a less-degree by the stems and roots, like the 
respiration of animals, is attended with, and marked by, the 
conversion of oxygen into carbonic acid; it is the respiration 
of plants. 

** Again: vegetables, at certain times and under certain cir- 
cumstances, decompose carbonic acid, and renovate the atmo- 
sphere by the restoration of its oxygen; but this occasional 
restoration is dependent, not upon the respiratory, but the 
digestive, system: it in part arises from the decomposition of 
water, but chiefly from the decomposition of carbonic .acid, 
absorbed either in the form of gas or in combination with 
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water, either by the roots or leaves, or both; and here again 
the analogy holds good between the functions of respiration 
and digestion in animals and plants, for to both is carbonic 
acid deleterious when breathed, and to both is it invigorating 
to the digestive organs.” —Journal of Royal Institution, new 
series, vol. i. p. 99. 

As the decomposition of carbonic acid gas is thus evidently 
an important part of the act of respiration, it might be 
supposed that to supply a plant with a greater abundance of 
carbonic acid than the atmosphere will usually yield, would be 
attended with beneficial consequences. To ascertain this 
point several experiments have been instituted; the most 
important of which are those of Saussure, who found that, in 
the sun, an atmosphere of pure carbonic acid gas, or even air, 
containing as much as sixty per cent., was destructive of vege- 
table life; that fifty per cent. was highly prejudicial; and that 
the doses became gradually less prejudicial as they were dimi- 
nished. From eight to nine per cent. of carbonic acid gas 
was found more favourable to growth than common air. This, 
however, was only in the sun: any addition, however small, 
to the quantity of carbonic acid naturally found in the air was 
prejudicial to plants placed in the shade. 

The life of a plant seems, then, to consist in a successive di- 
urnal decomposition and recomposition of carbonic acid. By 
night it vitiates the atmosphere by robbing it of its oxygen— 
by day it'purifies it by restoring it. It is a curious question 
whether, by this alternation of phenomena,the vegetable kingdom 
actually leaves the atmosphere in its original state, or whether it 
purifies it, permanently giving it more oxygen than it deprives 
it of. | Considering the great loss of oxygen produced either 
by the respiration of animals, or by its combination with va- 
rious mineral matters, or by other means, it is to be supposed 
that the atmosphere would in time become so far deprived of 
its oxygen as to be unfit for the maintenance of animal life, if 
it were not for some active compensating power. ‘This 
appears to reside in the vegetable kingdom; for Professor 
Daubeny, of Oxford, has ascertained by experiments, partially 
communicated to the British Association, but not yet pub- 
lished, that plants undoubtedly exercise a purifying influence 
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on the atmosphere. In a letter I have recently received from 
him he expresses himself thus : — 

«¢ As the observations of Ellis left it in some doubt whether 
the balance was in favour of the purifying or the deteriorating 
influence upon the air which is exercised by plants during dif- 
ferent portions of the day and night, I conducted my experi- 
ments in such a manner that a plant might be inclosed in a 
jar for several successive days and nights, whilst the quality of 
the air was examined at least two or three times a day, and fresh 
carbonic acid admitted as required. A register being kept of 
the proportion of oxygen each time the air was examined, as 
well as of the quantity of carbonic acid introduced, it was 
invariably found that, so long as the plant continued healthy, 
the oxygen went on increasing, the diminution by night being 
more than counterbalanced by the gain during the day. This 
continued until signs of unhealthiness appeared in the confined 
plant, when, of course, the oxygen began to decrease. 

‘In a perfectly healthy and natural state it is probable that 
the purifying influence of a plant is much greater ; for when I 
introduced successively different plants into the same air, at 
intervals of only a few hours, the amount of oxygen was much 
more rapidly increased, —in one instance to more than 40 per 
cent. of the whole instead of 20, as in the air we breathe.” 

Thus, the vegetable kingdom may be considered as a special 
provision of nature, to consume that which would render the 
world uninhabitable by man, and to have been so beautifully 
contrived that its existence depends upon its perpetual 
abstraction of that, without the removal of which our own 
existence could not be maintained. 

The result of the foregoing phenomena is the formation 
of numerous principles peculiar to the vegetable kingdom, 
and the deposition of others which are foreign to plants, but 
which have been introduced into their system in the current 
of the sap. ‘Thus are produced the silex of the Grass tribe; 
the sugar of the Cane, and of various fruits; the starch of Corn, 
Potatoes, and other farinaceous plants; the gum of the Cherry; 
the tannin of the Oak; and all those multitudes of alkaline, 
oily, resinous, and other principles of which the modern 
chemist has ascertained the existence. These, belonging to the 
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province of Chemistry rather than of Botany, need not be 
recapitulated here. It will be more useful to make some 
general observations upon the practical application of the 
physical laws we have been examining. 

As light is the great agent by which the decomposition, 
recomposition, and assimilation of the juices of plants take 
place, and as it must be obvious that the intensity of the action 
of vegetable secretions, or their abundance, will depend upon 
the degree of their elaboration, it follows that these must be 
in direct proportion to the quantity of light they have been 
exposed to. As has been observed by the author of the 
article Botany, in the “ Library of Useful Knowledge,” “ We see 
in practice that the more plants are exposed to light when 
growing naturally, the deeper is their green, the more robust 
their appearance, and the greater the abundance of their odours 
or resins ; and we know that all the products to which these ap- 
pearances are owing are highly carbonized. On the contrary, 
the less a plant is exposed to sunlight, the paler are its 
colours, the laxer its tissue, the fainter its smell, and the 
less its flavour. Hence it is that the most odoriferous herbs 
are found in greatest perfection in places or countries in which 
the sunlight is the strongest — as sweet herbs in Barbary 
and Palestine, Tobacco in Persia, and Hemp in the bright 
plains of extratropical Asia. ‘The Peach, the Vine, and the 
Melon, also, no where acquire such a flavour as under the 
brilliant sun of Cashmere, Persia, Italy, and Spain. 

This is not, however, a mere question of luxury, as odour 
or flavour may be considered. ‘The fixing of carbon by the 
action of light contributes in an eminent degree to the quality 
of timber, —a point of no small importance to all countries. 

It is in a great degree to the carbon incorporated with the 
tissue, either in its own proper form, or as resinous or astrin- 
gent matter, that the different quality in the timber of the 
same species of tree is principally owing. Isolated Oak 
trees, fully exposed to the influence of light, form a tougher 
and a more durable timber than the same species growing in 
dense forests; in the former case its tissue is solidified by the 
greater quantity of carbon fixed in the system during its 
growth. Thus we have every reason to believe that the 
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brittle Wainscot Oak of the Black Forest is produced by the 
very same species as produces the tough and solid naval timber 
of Great Britain. Starch, again, in which carbon forms so large 
a proportion, and which, in the Potato, the Cassava, Corn, 
and other plants, ministers so largely to the nutriment of man, 
depends for its abundance essentially upon the presence of 
light. For this reason, Potatoes grown in darkness are, as 
we say, watery, in consequence of no starch being developed in 
them; and the quantity of nutritious, or amylaceous matter 
they contain is in direct proportion to the quantity of light to 
which they are exposed. For this reason, when orchard- 
ground is under-cropped with Potatoes, the quality of their 
tubers is never good; because the quantity of light intercept- 
ed by the leaves and branches of the orchard-trees prevents the 
formation of carbon by the action of the sun’s rays upon the 
carbonic acid of the Potato plant. Mr. Knight has turned 
his knowledge of this unquestionable fact to great account in 
his application of the principles of vegetable physiology to hor- 
ticultural purposes.” 

That the intensity of light does in fact vary most mate- 
rially in different climates, is a matter of inference from the 
difference of temperature. But it never has been actually 
measured, to my knowledge, by any one except Herschel, 
who, in a communication made to the * Athenzeum” news- 
paper of April 25. 1835, speaks of an instrument called an 
actinometer, which he finds extremely sure and uniform in 
its indications. ‘This instrument gives the force of sunshine 
at the Cape of Good Hope as 48°75, while ordinary good 
sunshine in England is only from 25° to 30°. 

The principal part of the secretions of plants is deposited in 
some permanent station in their system; as in the roots of 
perennials, and the bark and heartwood of trees and shrubs. 
It appears, however, that they have, besides this, the power of 
getting rid of superfluous or deleterious matter in a material 
form. In the Limnocharis Plumieri there is a large pore ter- 
minating the veins of the apex of the leaf, from which water is 
constantly distilled. The pitchers of Nepenthes, which are 
only a particular kind of leaves, secrete water enough to fill 
half their cavity. But, besides this more subtle fluid, secre- 
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tions of a grosser quality take place in plants. The honey 
dew, which is so often attributed to insects, is one instance of 
the perspiration of a viscid, saccharine substance ; the manna of 
the ash is another; and the gum ladanum that exudes from the 
Cistus ladaniferus is a third instance of this kind of perspiration. 
It is, however, by the roots that the most remarkable secretions 
are voided. 

It has long been known that some plants are inca- 
pable of growing, or at least of remaining in a healthy state, 
in soil in which the same species has previously been culti- 
vated. For instance, a new apple orchard cannot be made to 
succeed on the site of an old apple orchard, unless some years 
intervene between the destruction of the one and the planting 
of the other: in gardens, no quantity of manure will enable 
one kind of fruit-tree to flourish on a spot from which another 
tree of the same species has been recently removed; and all 
farmers practically evince, by the rotation of their crops, their 
experience of the existence of this law. 

Exhaustion of the soil is evidently not the cause of this, for 
abundant manuring will not supersede the necessity of the 
usual rotation. ‘he celebrated Duhamel long ago remarked 
that the Elm parts by its roots with an unctuous dark-coloured 
substance ; and, according to De Candolle, both Humboldt 
and Plenck suspected that some poisonous matter is secreted 
by roots; but it is to Macaire, who, at the instance of the first 
of these three botanists, undertook to inquire experimentally 
into the subject, that we owe the discovery that the suspi- 
cion above alluded to is well founded. He ascertained that all 
plants part with a kind of faecal matter by their roots; that the 
nature of such excretions varies with species or large natural 
orders: in Cichoraceze and Papaveraceze he found that the 
matter was analogous to opium, and in Leguminose to gum; 
in Gramineez it consists of alkaline and earthy alkalies and 
carbonates, and in Euphorbiaceze of an acrid gum-resinous 
substance. ‘These excretions are evidently thrown off by the 
roots on account of their presence in the system being dele- 
terious; it was also found, by experiment, that plants artificially 
poisoned parted with the poisonous matter by their roots. For 
instance, a plant of Mercurialis had its roots divided into two 
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parcels, of which one was immersed in the neck of a bottle. 
filled with a weak solution of acetate of lead, and the other 
parcel was plunged into the neck of a corresponding bottle 
filled with pure water. In a few days the pure water had 
become sensibly impregnated with acetate of lead. This, 
coupled with the well-known fact that plants, although they 
generate poisonous secretions, yet cannot absorb them by 
their roots without death, as, for instance, is the case with 
Atropa Belladonna, seems to shew that the necessity of the 
rotation of crops is more dependent upon the soil being 
poisoned than upon its being exhausted. 

While oxygen and carbon are thus essential to vegetation 
when not administered in excess, almost all other gases are 
more or Jess deleterious. 

That nitrogen, per se, is incapable of affording any support 
to the development of plants, was proved by ‘Théodore 
de Saussure, who found that, five days after immersion in 
pure nitrogen, the buds of poplars and willows were in a state 
of decay. This is remarkable, considering how large a pro- 
portion of the air we breathe consists of nitrogen. It is, how- 
ever, to be remarked, that this is,in some measure, at variance 
with the most recent experiments of the same admirable ob- 
server, who finds that germinating seeds in all cases absorb 
nitrogen more or less. ‘This, he says, happens sometimes in a 
very remarkable degree, but sometimes so slightly that it might 
be attributed to errors in observation if it were not for the 
constancy of the results. ‘This circumstance cannot be ascribed 
to simple porosity; for germinating seeds, after having re- 
mained several days in the air, or for a time sufficiently 
long to be saturated with nitrogen, still continued to absorb it. 
And, upon the whole, he seems inclined to ascribe the 
apparent incapability of leafy plants to absorb nitrogen to the 
artificial conditions under which the experiments were con- 
ducted. . 

Hydrogen seems to act unequally upon vegetation. Saussure 
found that a plant of Lythrum salicaria, after five weeks, had 
caused no alteration in a known volume of hydrogen by 
which it was surrounded, and had not itself experienced any 
apparent effect. Sir Humphrey Davy, however, states that 
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some plants will grow in an atmosphere of hydrogen, while 
others quickly perish under such treatment. 

Drs. ‘Turner and Christison found that so small a quantity 
as +545, Of sulphurous acid gas,—a proportion so minute as 
to be imperceptible to the smell, — was sufficient to destroy 
the life of leaves in forty-eight hours. ‘The same observers 
state, in an excellent paper in Brewster’s Journal for January, 
1828, the effects of other gases upon plants. I much regret 
that want of space prevents my giving their experiments in 
detail: the results, which are as follows, are very important. 
Hydrochloric or muriatic acid gas was found to produce 
effects not inferior, — nay, even superior, —to those of the 
sulphurous acid. It was found that so small a quantity as a 
fifth of an inch, although diluted with 10,000 parts of air, 
destroyed the whole vegetation of a plant of considerable size 
in less than two days. ‘ Nay, we afterwards found that a 
tenth part of a cubic inch in 20,000 volumes of air had nearly 
the same effects. In twenty-four hours the leaves of a labur- 
num were all curled in on the edges, dry and discoloured ; 
and, though it was then removed into the air, they gradually 
shrivelled and died. Like the sulphurous acid, the hydro- 
chloric acid gas acts thus injuriously in a proportion which is 
not perceptible to the smell. Even a thousandth part of 
hydrochloric acid gas is not distinctly perceptible; a ten- 
thousandth made no impression on the nostrils whatever, 
although great care was taken to dry thoroughly the vessels 
used in making the mixtures.” 

‘Chlorine may be expected to have the effects of hydro- 
chloric acid gas; and so indeed it has, but they appear to be 
developed more slowly. Two cubic inches in two hundred 
parts of air did not begin to affect a mignonette plant for three 
hours; half'a cubic inch in a thousand parts of air did not 
injure another in twenty-four hours: but when the plants did 
become affected, the same drooping, bleaching, and desiccation 
were observed.” 

“‘ Nitrous acid gas is probably as deleterious as the sul- 
phurous and hydrochloric acid gases. In the proportion of a 
hundred and eightieth, it attacked the leaves of a mignionette 
plant in ten minutes; and half a cubic inch in 700 volumes of 
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air caused a yellowish green discolouration in an hour, and, 
drooping and withering in the course of twenty-four hours. 
The leaves were not acid on the surface.” 

“‘ The effects of sulphureted hydrogen are quite different 
from those of the acid gases. ‘The latter attack the leaves at 
the tips first, and gradually extend their operation towards 
the leafstalks; when in considerable proportion, their effects- 
began in a few minutes; and if the quantity was not great, 
the parts not attacked generally survived, if the plants were 
removed into the air. The sulphureted hydrogen acts dif- 
ferently; two cubic inches in 230 times their volume of air 
had no effect in twenty-four hours. Four inches and a half in 
eighty volumes of air caused no injury in twelve hours ; but, 
in twenty-four hours, several of the leaves, without being 
injured in colour, were hanging down perpendicularly from 
the leafstalks, and quite flaccid; and though the plant was 
then removed into the open air, the stem itself soon began 
also to droop and bend, and the whole plant speedily fell over 
and died. When the effects of a large quantity, such as six 
inches in sixty times their volume, were carefully watched, it 
was remarked that the drooping began in ten hours, at once 
from the leafstalks; and the leaves themselves, except that 
they were flaccid, did not look unhealthy. Not one plant 
recovered, any of whose leaves had drooped before it was 
removed into the air.” 

“‘'The effects of ammonia were precisely similar to those of 
sulphureted hydrogen just related, except that after the leaves 
drooped they became also somewhat shrivelled. The pro- 
gressive flaccidity of the leaves; the bending of them at their 
point of junction with the footstalk, and the subsequent bend- 
ing of the stem; the creeping, as it were, of the languor and 
exhaustion from leaf to leaf, and then down the stem, — were 
very striking. ‘Two inches of gas in 230 volumes of air 
began to operate in ten hours. A larger quantity and pro- 
portion seemed to operate more slowly.” 

** Cyanogen appears allied to the two last gases in property, - 
but is more energetic. ‘Iwo cubic inches diluted with 230 
times their volume of air affected a mignonette plant in five 
hours; half a cubic inch in 700 volumes of air affected another 
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in twelve hours ; and a third of a cubic inch in 1700 volumes 
of air affected another in twenty-four hours. The leaves 
drooped from the stem without losing colour; and removal 
into the air, after the drooping began, did not save the plants. 

*‘ Carbonic oxide is also probably of the same class, but its 
power is much inferior. Four cubic inches and a half, diluted 
with 100 times their volume of air, had no effect in twenty- 
four hours on a mignonette plant. ‘Twenty-three cubic inches, 
with five times their volume of air, appeared to have as little 
effect in the same time; but the plant began to droop when it 
was removed from the jar, and could not be revived. 

*“‘ Olefiant gas, in the quantity of four cubic inches and a 
half; and in the proportion of a hundreth part of the air, had 
no effect whatever in twenty-four hours. 

“The protoxide of nitrogen, or intoxicating gas, the last we 
shall mention, is the least injurious of all those we have tried; 
indeed, it appears hardly to injure vegetation at all. Seventy- 
two cubic inches were placed with a mignonette plant in a 
jar of the capacity of 500 cubic inches for forty-eight hours ; 
but no perceptible change had taken place at the end of that 
time.” 


While this sheet was passing through the press, I have received Marcet’s 
paper on the effects of plants not coloured green upon the atmosphere. It 
appears from carefully conducted experiments, “ that mushrooms, vegetating 
in atmospheric air, produce on that air very different modifications from 
those of green plants in analogous situations; in fact, that they vitiate the 
air promptly, either by absorbing its oxygen to form carbonic acid at the 
expense of the carbon of the vegetable, or by disengaging carbonic acid 
formed in various ways. That the modifications which the atmosphere 
experiences when in contact with growing mushrooms are the same day and 
night. That if fresh mushrooms are placed in an atmosphere of pure 
oxygen, a great part ofthat gas disappears at the end of afew hours. One 
portion of the oxygen which is absorbed combines with the carbon of the 
plant to form carbonic acid; whilst another part appears to be fixed in the 
vegetable, and to be replaced, at least in part, by nitrogen disengaged by 
the mushroom. That when fresh mushrooms remain some hours in an 
atmosphere of nitrogen, they modify very slightly the nature of that gas. 
The sole effect produced is confined to the disengagement of a small quan- 
tity of carbonic acid, and sometimes to the absorption of a very small quan-~ 
tity of nitrogen.” 


CHAPTER: XI. 


OF THE CIRCULATION OF THE SAP. 


Puiants have certainly no general circulation of their juices 
analogous to that of the blood in animals, — that is to say, 
departing and returning incessantly from and to one common 
point. But that their fluids have a motion often of extreme 
rapidity, is proved by the great quantity of water which they 
perspire; all of which must be replenished by aqueous parti- 
cles in rapid motion along the tissue from the roots. A young 
vine-leaf, in a hot day, perspires so copiously, that, if a glass be 
placed next its under surface, it is presently covered with 
dew, which, in half an hour, runs down in streams. Hales 
computed the perspiration of plants to be seventeen times 
more than that of the human body. He found a sun-flower 
lose one pound four ounces, and a cabbage one pound three 
ounces, a day by perspiration. By some contrivances of glass. 
tubesand a mercurial apparatus, he found means to measure the 
force of suction in particular trees, which will of course be in 
proportion to the amount of evaporation; and he ascertained 
that an apple branch 3 feet long would raise a column of 
mercury 53 inches in half an hour; a nonpareil branch 2 
feet long, with 20 apples on it, 12 inches in 7 minutes; and 
the root of a growing pear tree 8 inches in 6 minutes. In 
short, he computed that the force of motion of the sap is 
sometimes five times greater than that which impels the blood 
in the crural artery of the horse. Guettard asserts that the 
young shoots of Cornus mascula lose twice their own weight a 
day. ‘This perspiration is regulated in part by the number of 
the stomates, and in part by the thickness of the cuticle: 
hence evergreens, in which the stomates are small, and less 
numerous than in deciduous or herbaceous plants, and the 
oa 
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cuticle thicker and harder, perspire much less than other 
plants. 

That a motion of fluids really exists in plants is, therefore, 
undoubted. It is most rapid in the spring and early summer, 
and most languid in winter; but never actually suspended, 
unless under the influence of frost. This has been demonstrated 
by Biot, who, by means of an apparatus described in the 
Institut Newspaper, succeeded in measuring the power of 
motion in the sap of roots, in witnessing the phenomena 
which regulated it, and in determining the causes that brought 
about the phenomena. 

‘¢ Atmospherical circumstances,” he says, ‘ and especially 
the absence or presence of solar light, exercise a marked in- 
fluence upon these phenomena ; but it is exceedingly difficult to 
ascertain their exact nature. Nevertheless, among them is 
one, the effects of which are so constant and undoubted, that 
they appear susceptible of being defined. ‘This consists in the 
sudden appearance of frost immediately succeeding mild wea- 
ther, and lasting for some time. Mild weather either favours 
or brings about the ascent of the sap; but if a sudden frost 
supervenes, it seizes upon the part of the trunk swollen with 
fluid, and forces the latter to fall back again: should the frost con- 
tinue and increase in severity, the earth at the foot of the tree 
freezes ; and whether at that time the roots are mechanically 
compressed by it, or whether the duration of the cold causes 
contraction by a vital action, the roots commence causing a 
considerable discharge of fluid from the lower part of the ap- 
paratus. This goes on night and day, except when the pipes to 
carry off the sap are frozen. As soon as a thaw comes on and 
the earth is relaxed, the roots, emptied of their juices, find 
themselves below their point of saturation; they then emit 
nothing, but on the contrary absorb the descending juices. I 
satisfied myself of this not only by my apparatus, but in 
sawing through the trunk of a large poplar tree, a 
yard from the ground. ‘The surface of the section of the 
stump was dry, but that of the trunk itself dripped with 
water.” 

The motions of the sap appears to be of two kinds: 1. ge- 
neral, and 2. special; these must be carefully distinguished. 
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The former is what has been alluded to in the preceding ob- 
servations, the latter is altogether of a different nature. 

With regard to the latter, Corti, in 1774, Fontana, L. C. 
Treviranus, and especially Amici, have made some most cu- 
rious observations. It was said that if a portion of Chara 
flexilis, or of any of the transparent species, or of any crusta- 
ceous kind, the opaque cuticle of which is first scraped away, 
be examined, a current of sap will be distinctly seen in each 
cellule setting from joint to joint, flowing down one side and 
returning up the other, without any membrane intervening to 
separate the opposing currents; each cellule has a movement 
of its own, independent of that of the cellules above and below 
it; sometimes the movement stops, and then goes on again 
after a brief interval; if a cellule is divided into two by a 
ligature passed round it, a separate movement is seen in each 
of the divisions ; this motion is rendered distinctly obvious by 
the numerous minute green granules which float in the trans- 
parent fluid, and which follow the course of the currents. 

The observations of Amici have been verified in this country 
chiefly upon species of Nitella; and from the investigations of 
Solly, Varley, and Slack, the nature of the phenomenon has 
been determined with considerable precision. 

Among other things, it has been ascertained that in Nitella 
the currents have always a certain relation to the axis of 
growth, the ascending current uniformly passing along the 
side of the cell most remote from the axis, and the descending 
current along the side next the axis. 

Similar motions have been seen in several other plants. 
In the cells of Hydrocharis Morsus-Rane the fluid has been 
observed to move round and round their sides in a rotatory 
manner, which, however, has not been seen to follow any 
particular law. In the joints of the hairs of Tradescantia 
virginica several currents of a similar nature exist; and in 
the hair of the corolla of a species of Penstemon, Slack 
has observed several currents taking various directions, some 
continuing to the summit of the hair, whilst others turn and 
descend in various places, two currents frequently uniting in 
one channel. 

It may hence, possibly, be assumed that in the cells of 
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plants, when filled with fluid, there is a very general rotatory 
movement, which is confined to each particular cell. This, it 
is obvious, can form no part of the general circulation of the 
system, which must often occur with great rapidity, and which 
must take place from the roots to the extremities. The ro- 
tatory motion may perhaps be considered a sort of motion of 
digestion, and connected with the chemical changes which 
matter undergoes in the cells from the united action of light, 
heat, and air. 

Another sort of motion, which it is probable is common to 
all descriptions of plants, has been seen by Link and others, 
particularly by Schultz, in the Chelidonium, Ficus carica, and 
other plants. It is described as an exceedingly rapid motion 
of the fluid, which rushes out of one set of vessels into another, 
in a constant uninterrupted stream. ‘This has been denied, 
it is true, by Dutrochet; but he does not appear to have 
succeeded in seeing that which is nevertheless visible enough, 
if proper precautions are taken. Meyer, Mirbel, and Cassini 
confirm the statements of Schultz; and to their testimony I 
may be permitted to add my own. In Alisma plantago, and 
the transparent stipules of Ficus elastica, I have distinctly seen 
powerful currents, such as are described, rushing along tubes, 
like a stream of water down an inclined channel. It is never- 
theless extremely doubtful whether this is a special move- 
ment. It is rather to be considered a part of the general 
system of circulation of the fluids, if it is not indeed a motion 
produced by the rapid emptying of wounded intercellular pas- 
sages. We must wait, however, for the appearance of the 
memoir of Schultz upon this subject, which at present is only 
known by the report upon it by a Committee of the Institute. 

The course which is taken by the sap after entering a plant, is 
the next subject of consideration. ‘The opinion of the old 
botanists was, that it ascended from the roots between the 
bark and the wood: but this has been long disproved -by 
modern investigators, and especially by the experiments of 
Knight. If a trunk is cut through in the spring, at the 
time the sap is rising, this fluid will be found to exude more 
or less from all parts of the surface of the section, except the 
hardest heart-wood, but most copiously from the alburnum, 
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If a branch is cut half through at the same season, it will be 
found that, while the lower face of the wound bleeds copiously, 
scarcely any fluid exudes from the upper face; from which, 
and other facts, it has been fully ascertained that the sap rises 
through the wood, and chiefly through the alburnum. Ob- 
servations of the same nature have also proved that it descends 
through the bark and liber. But the sap is also diffused 
laterally through the cellular tissue, and this with great ra- 
pidity; as will be apparent upon placing a branch in a 
coloured infusion, which will ascend and descend in the 
manner just stated, and will also disperse itself laterally in all 
directions round the principal channels of its upward and 
downward route. In trees this lateral transmission takes 
place chiefly through the medullary rays, which keep up a 
communication between the bark and the heart-wood, and 
convey to the latter the secretions which the former may have 
received from the leaves. 

With regard to the vessels through which this universal dif- 
fusion of the sap takes place, it has already been stated that its 
upward course is always through the woody tissue, and partially 
also through the vasiform tissue ; and that it passes downwards 
through the cellular system in part, and the woody tissue of 
the bark in part. But there can be no reasonable doubt that 
it is also dispersed through the whole system by means of 
some permeable quality of the membranes of the cellular 
tissue, which is invisible to our eyes, even aided by the most 
powerful glasses. It has also been suggested that the sap finds 
its way upwards, downwards, and laterally through the inter- 
cellu'ar passages which exist at the points of union of every 
individual elementary organ. ‘That such a channel of com- 
municating the sap is employed by Nature to a certain extent 
I do not doubt, especially in those plants in which the inter- 
cellular passages are very large; but whether this is a universal 
law, or has only a partial operation, is quite unknown, and is 
not perhaps susceptible of absolute proof. 

The accumulation of sap in plants appears to be attended 
with very beneficial consequences, and to be deserving of the 
especial attention of gardeners. It is well known how weak 
and imperfect is the inflorescence of the turnip tribe, forced to 
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flower before their fleshy root is formed ; and how vigorous it 
is after that reservoir of accumulated sap is completed. 
Knight, in a valuable paper upon this subject, remarks that 
the fruit of melons, which sets upon the plant when very 
young, uniformly falls off; while, on the contrary, if not 
allowed to set until the stem is well formed, and much sap 
accumulated for its support, it swells rapidly, and ripens 
without experiencing any deficiency of food in the course of 
its growth. In like manner, if a fruit tree is by any circum- 
stance prevented bearing its crop one year, the sap that wou!d 
have been expended accumulates, and powerfully contributes 
to the abundance and perfection of the fruit of the succeeding 
year. 

The cause of the motion of the sap is a subject which has 
long excited great curiosity, and has given rise to numberless 
conjectures. It was for a long time believed that there was a 
sort of circulation of the sap of plants, to and from a common 
point, analogous to that of the blood of animals; but this was 
rendered improbable by the well-known fact that a plant is 
more analogous to a polype than to a simple animal; that it 
is a congeries of vital systems, acting indeed in concert, but to 
a certain degree independent of each other, and that con- 
sequently it has myriads of seats of life. It was, moreover, 
experimentally disproved by Hales. ‘This excellent observer, 
whose “ Statics” are an eternal monument of his industry 
and skill, thought that the motion of the sap, the rapidity of 
which he had found to be greatly influenced by weather, de- 
pended upon the contraction and expansion of the air, which 
exists in great quantities in the interior of plants. Others 
have ascribed the motion to capillary attraction. Knight was 
once of opinion that it depended upon a hygrometrical pro- 
perty of the plates of silver grain (medullary rays), which 
traverse the stem in all directions. A number of other the- 
orists have called to their aid a supposed irritability of the 
vessels ; but no contraction of the vessels has ever yet been 
noticed, except under the influence of frost, as shown by Biot. 
Du Petit Thouars suggests that it arises thus : — In the spring, 
as soon as vegetation commences, the extremities of the branches 
and the buds begin to swell: the instant this happens a 
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certain quantity of sap is attracted out of the circumjacent 
tissue for the supply of those buds; the tissue, which is thus 
emptied of its sap, is filled instantly by that beneath or about 
it: this is in its turn replenished by the next; and thus the 
whole mass of fluid is set in motion, from the extremities of 
the branches down to the roots. Du Petit Thouars is there- 
fore of opinion that the expansion of leaves is not the 
effect of the motion of the sap, but, on the contrary, is the 
cause of it; and that the sap begins to move at the extremities 
of the branches before it stirs at the roots. ‘That this is really 
the fact, is well known to foresters and all persons accus- 
tomed to the felling or examination of timber in the spring; 
and to gardeners who are occupied with forcing the branches 
of plants in winter, while their trunks are exposed to the 
weather. Some good observations upon this were commu- 
nicated to Loudon’s Gardener’s Magazine, by Mr. Thom- 
son, gardener at Welbeck; who, however, drew a wrong 
inference from them. | 

Dutrochet has formed a theory of all the motions of fluids 
in plants depending upon the agency of galvanism. He found 
that small bladders of animal and vegetable membrane, being 
filled with a fluid of greater density than water, securely 
fastened, and then thrown into water, acquired weight; he 
also remarked, that if the experiment was reversed, by filling 
with water and immersing them in a denser fluid, the con- 
trary took place, and that the bladders lost weight: he took 
a small bladder, and filled it with milk, or gum arabic dis- 
solved in water; to the mouth of this bladder he adapted a 
tube, and then plunged the bladder in water: in a short time 
the milk rose in the tube, whence he inferred that water had 
been attracted through the sides of the bladder. This experi- 
ment was also reversed, by filling the bladder with water, and 
plunging it in milk: the fluid then fell in the tube, whence he 
inferred that water had been attracted through the coat of the 
bladder into the milk. From these, and other experiments, 
Dutrochet arrived at the inference, that if two fluids of un- 
equal density are separated by an animal or vegetable mem- 
brane, the denser will attract the less dense through the 
membrane that divides them: and this property he calls 
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endosmose, when the attraction is from the outside to the 
inside; and exosmose, when it operates from the inside to the 
outside. In pursuing this investigation he remarked, that if 
an empty bladder is immersed in water, and the negative pole 
of a Galvanic battery introduced into it, while the positive 
pole is applied to the water on the outside, a passage of fluid 
takes place through the membrane, as had previously hap- 
pened when the bladder contained a fluid denser than water ; 
by reversing the experiment, the reverse was found to take 
place: from all which Dutrochet deduces the following theory: 
—That when two fluids of unequal density are separated by an 
intervening membrane, the more dense is negatively electri- 
fied, and the less dense positively electrified ; in consequence 
of which two electric currents of ‘unequal power set through 
the membrane, carrying fluid with them; that which sets from 
the positive pole, or less dense fluid, to the negative pole, or 
more dense fluid, being much the most powerful: and that 
the fluids of plants being more dense than those which sur- 
round them, a similar action takes place between them and 
the water in the soil, by means of which the latter is con- 
tinually impelled into their system. Philosophers do not 
seem disposed to admit the legitimacy of Dutrochet’s con- 
clusion, that this transmission takes place by means of galvanic 
agency ; but that the phenomenon is correctly described by 
the ingenious author, and that it is constantly operating in 
plants, is beyond all dispute. Itis by endosmose that vapour 
is absorbed from the atmosphere, and water from the earth; 
that sap is attracted into fruits by virtue of their greater density; 
and probably that buds are enabled to empty the tissue that 
surrounds them when they begin to grow: it will, perhaps, be 
found the most ready explanation of most of the phenomena 
connected with the movement of fluids in plants. 
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CHAPTER XII. 


OF THE DIRECTIONS TAKEN BY THE ORGANS OF PLANTS. 


Tue substance of all that is known upon this subject has 
been combined with some excellent observations of his own 
by Dutrochet in a memoir, of which I shall avail myself 
in the following remarks : — 

‘The general phenomena of nature,” says this writer, “which 
are daily before our eyes, are often those which mankind con- 
siders the least attentively. ‘Those who are unaccustomed to 
reflect upon such subjects can scarcely believe that there is 
any very extraordinary mystery in the ascent of the stems of 
vegetables, or in the descent of their roots; and yet this is 
one of the most curious circumstances connected with vegeta- 
ble life. The downward direction of the roots may appear 
easy of explanation: it may be said that, like all other bodies, 
they have a tendency towards the centre of the earth, in 
consequence of the known laws of gravity (as is the opinion 
of Knight, in Phil. Trans. for 1806) ; but on what principle, 
then, is to be explained the upward tendency of the stem, 
which is in direct opposition to those laws ? And here lies the 
difficulty. Dodart is the first who appears to have paid atten- 
tion to this circumstance ; he pretends to explain the turning 
backwards of seeds sown in an inverted position by the fol- 
lowing hypothesis: he assumed that the root is composed of 
parts that contract by humidity; and that the stem, on the 
contrary, contracts by dryness. For this reason, according 
to him, it ought to happen that, when a seed is sown in an 
inverted position, the radicle will turn back towards the earth, 
which is the seat of humidity; and that the plumula, on the 
contrary, turns to the sky, or rather atmosphere, —a drier me- 
dium than the earth. The experiments of Du Hamel are well 


334 PHYSIOLOGY. i BOOK II. 


known, in which he attempted to force a radicle upwards and 
a plumula downwards, by enclosing them in tubes, which 
prevented the turning back of these parts. It was found that, 
as the radicle and plumula could not take their natural direc- 
tion, they became twisted spirally. These experiments, while 
they prove that the opposite tendencies of the radicle and 
p!umula cannot be altered, still leave us in ignorance of the 
cause of such tendencies. We are equally ignorant of the 
cause of the directions of the leaves. Bonnet believed that he 
could explain that phenomenon upon the hypothesis of Do- 
dart just referred to, with respect to the radicle and plumula. 
According to him, the lower surface of the leaves is, like the 
radicle, composed of fibres which contract by humidity; and 
the upper, like the plumula, of fibres that contract by dryness. 
As a proof of these assertions, Bonnet manufactured some 
artificial leaves; the upper surface of which was parchment, 
which contracts by dryness, and the lower of linen, which 
relaxes by moisture. ‘These leaves were submitted to the 
action of dryness and humidity; and Bonnet found they were 
affected much in the same way as true leaves, — so easy is it 
to find proofs to support a favourite hypothesis.” 

In consequence of the unsatisfactory nature of these and 
other theories, more modern physiologists have been satisfied 
with inscribing the particular directions taken by plants 
among the vital phenomena of vegetation. And this is, perhaps, 
as much as we are likely to ascertain relating to it, and 
all similar manifestations of the overruling power of nature. 
Dutrochet, however, being of opinion that some more direct 
explanation of this phenomenon is to be found, instituted a 
variety of experiments of a novel kind. “ Seeing,” he remarks, 
“that the stem is always directed towards heaven, and the 
roots towards the earth, we cannot but believe that there is 
some relation between the cause of gravitation and that of 
the life of vegetables: the constant direction of the stem 
towards the light leads us also to suppose that this agent per- 
forms some important part in determining the directions of 
the parts of plants. The stem must be placed in the midst 
of the atmosphere in order to develope itself; the roots, 
on the contrary, require to lie within the earth. Hence, it 
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may be inferred that several causes concur to produce the 
phenomena in question.” 

Dutrochet filled with earth a box, the bottom of which was 
perforated with many holes: he placed seed of the kidney- 
bean in these holes, and suspended the box in the air, at 
about eighteen feet from the earth. Here the seeds, being 
placed in holes pierced through the bottom of the box, 
received the influence of the atmosphere and light from below ; 
while the humid earth was placed above them. If the cause 
of the different directions of the radicle and plumule con- 
sisted in an affinity of the former for humidity, and of the 
latter for the atmosphere, the radicle ought to shoot upwards, 
and the plumule downwards; but this did not take place. 
The radicles, on the contrary, found their way downwards 
out of the box into the atmosphere, where they quickly dried 
up and perished; and the plumules forced their way back- 
wards into the earth. This experiment was afterwards 
modified, by increasing the quantity of earth above the seeds, 
and by some other contrivances; but the result was always 
the same: it was uniformly found, that there was no affinity 
between the radicle and the seat of moisture sufficient to 
counteract the natural downward tendency of the roots. It 
was also inferred, that there existed no more positive affinity 
between the stems and the atmosphere than between the roots 
and water. 

There are certain parasitic plants which strike their roots 
into the stems of other plants, and which always grow at 
tight angles with the stem to which they are fixed. The 
seed of the miseltoe will germinate in any direction, either 
upwards, downwards, or laterally. ‘The first movement made 
by this plant consists in an extension of its caulicule which 
derives its support from the cotyledons, and which terminates 
at the radicular end, in a small green tubercle of a paler 
colour than the radicle itself. When the seed is fixed upon 
a branch by its natural glue, this incipient movement is 
effected at right angles with the branch; the young shoot is 
then curved backwards, and the radicular extremity descends 
_ to the surface of the branch, to which it adheres by expanding 
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into a kind of disk. From this expansion the roots are 
emitted, and penetrate the interior of the branch whereon 
the seed of the miseltoe is fixed: its stem takes the directions 
above mentioned with reference to the centre of the branch on 
which it is fixed, and not with reference to the earth ; so that, 
with regard to the latter, it is sometimes ascending, some- 
times descending, sometimes horizontal. The same pheno- 
mena occur if the germination takes place upon dead wood 
or inorganic substances : a number of seeds were glued to the 
surface of a cannon ball; all the radicles were directed 
towards the centre of the ball. Hence it is obvious that the 
tendency of the miseltoe is not towards the surface of its 
nutrition, but it obeys the attraction of the body upon which 
it grows. The miseltoe, which does not grow on the earth, 
obeys the attraction of any other body; while those plants 
which naturally grow in the earth obey no other attraction 
than that of the earth. Parasitical fungi, those which con- 
stitute mouldiness ; aquatics, which originate on stones, — all 
grow perpendicular to the body that produces them, and will 
therefore be placed in all kinds of positions with respect to the 
earth. 

The tendency downwards of the roots, and upwards of the 
stem, is chiefly observable in the ascending and descending 
caudex ; that is to say, in the axis of the vegetable considered 
asa whole. ‘The lateral emissions of this axis always deviate 
from its direction in a greater or less degree: we know that 
the roots produced by the tap root, and the branches which 
proceed from the side of the principal stem, scarcely ever 
take a direction absolutely vertical. This is probably due to 
several causes, one of which is undoubtedly the general ten- 
dency of all the parts of plants to take a direction perpen- 
dicular to the plane of the body on which they grow. ‘The 
branches of trees are to those which produce them what the 
miseltoe is to the branch on which it vegetates: but, as there 
is a double attraction operating upon all branches, —that is to 
say, an attraction towards the stem and an attraction upwards, 
in consequence of the general law to which they all submit, — 
it results that a middle direction is taken, and, instead of one 


CHAP. XII. | DIRECTIONS. 337 


branch continuing to grow at right angles with another, it 
soon abandons that direction, and points its extremity towards 
the sky. 

It has been hitherto seen, that the roots of vegetables are 
positively attracted by the body on which they grow; it ap- 
pears, however, from the following experiment, that this 
attraction is influenced essentially by the mass of the body. 
Thus, if a seed of miseltoe is made to vegetate on a thread, 
the radicle turns itself in all sorts of ways, and exhibits no 
signs of attraction to the thread. Dutrochet made a seed of 
miseltoe germinate on a thread: he then glued it upon one of 
the points of a fine needle, fixed like that of a compass, 
balancing it by a bit of wax at the other end of the needle: 
he next placed a piece of wood at about half a line distance 
from the radicle; and then covered the whole apparatus with 
a glass, placed under such conditions that it was impossible 
that any cause could move the needle: in five days the 
embryo began to bend, and direct its radicle towards the bit 
of wood without the needle’s changing its position, although 
it was extremely moveable upon its centre: in two days more 
the radicle was directed perpendicularly to the bit of wood 
with which it had come in contact, and still the needle had 
not stirred. This proves, says Dutrochet, that the direction 
of the radicle of the miseltoe towards a neighbouring body 
is not the immediate result of any attraction on the part of 
such a body; but that it is the result of a spontaneous 
movement of the embryo, in consequence of the attracting 
influence exerted upon its radicle, which is thus the mediate 
or occasional cause of the phenomenon. It is obvious, indeed, 
that the inflexion of the stem of the embryo of the miseltoe 
could not be due to the immediate attraction on the part of 
the bit of wood; for an exterior power sufficient to produce 
this inflexion would much more readily have produced a 
change in the direction of the needle, to one of whose points 
the seed was fixed; there can, therefore, be no doubt that 
the movement was spontaneous; that is to say, that it was 
caused by an internal vital cause, put in action by the influence 
of an exterior agent. ‘This spontaneous direction of the 
radicle of the miseltoe under the influence of attraction proves 
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incontestably that attraction only influenced its nervous powers, 
and not its ponderable matter: and the same is undoubtedly 
the case with terrestrial plants. ‘The unknown power of at- 
traction is only the accidental cause of the ascent of the stem, 
and of the descent of the roots, and not the immediate cause : 
in this case, attraetion only operates as an agent for exciting 
nervous action. Other evidence exists to confirm most in- 
contestably this important conclusion, that the visible move- 
ments of vegetation are all spontaneous; being brought into 
action by the influence of an external agent, but not move- 
ments originating with that agent. 

Light is another cause of no less power than that just de- 
scribed: it is well known that a plant, placed in a room from 
which the light is excluded, except at a single aperture, 
directs its stem and leaves towards that aperture, and no 
longer takes a perpendicular position. ‘This is accounted for 
by De Candolle as follows: — Let any one expose a green 
branch in such a manner that light strikes it only on one 
side; the tissue of that side will fix most carbon, will become 
harder, and will lengthen less; while the opposite will fix less 
carbon, be less hard, and will lengthen more; the consequence 
of which will be, that the illuminated side will contract, and 
pull the branch towards the light. This, if rightly considered, 
will of itself explain the uniform tendency of the green parts 
of plants to turn towards the light; and if it will not account 
for such phenomena as that of the sunflower turning its flowers 
constantly to the sun, and following him in his course, as we 
find repeated by author after author, that circumstance is 
ascribable not to any defect in the explanations that have just 
been given, but ¢o the alleged phenomenon having no existence in 
nature. ‘The same tendency of the stems towards the light 
takes place in the open air. As light is diffused nearly 
equally around all bodies exposed to it, carbonic acid will be 
decomposed equally on all sides, and the various parts will 
naturally assume a direction towards the heavens; so that 
light thus becomes an aid to gravitation. It might even be 
believed that light alone was a sufficient cause of the perpen- 
dicular position of the stems of vegetables, if experience did 
not prove the contrary. Dutrochet laid horizontally on the 
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ground, in a dry and dark place, the stems of Allium cepa 
and Allium porrum, taken up with their bulbs. These plants, 
although taken out of the ground, continued to live for a long 
time; their stems became curved, and their upper end took a 
direction towards the heavens. ‘This happened in about ten 
days; but, being repeated in the open air, three days were 
sufficient to produce the direction. In the first experiment, 
light being wholly excluded, gravitation only could have 
operated in giving the stem a perpendicular direction, — that 
power being the only one which is known to act in a direction 
perpendicular to the horizon. Modifications of this experi~ 
ment were instituted, to be certain that humidity had no 
effect, and the same result was obtained. In the prosecu- 
tion of these investigations, it also appeared that it was 
not merely the summit of the stem which had a tendency to a 
perpendicular direction, but that all the moveable parts of 
the plant possessed a similar disposition, provided they were 
coloured. 

Stems are sometimes directed towards the earth, in which 
they attempt to bury themselves like reots; a phenomenon 
worthy of the greatest attention, not only on its own account, 
but for the sake of the circumstances connected with it. Many 
vegetables, besides their above-ground stems, have also subter- 
ranean stems: these creep horizontally in the interior of the 
earth, without manifesting any tendency towards the sky: 
they are white, like roots, of which they assume the course 
and the station. Sometimes, however, they are pink, as in 
Sparganium erectum; in such cases it is the cuticle that is 
coloured, and not the subjacent parenchyma: but, when- 
ever the point of their stems approaches the surface of the 
soil, it becomes green, and, from that moment, they acquire 
an upward tendency. Is it hence to be inferred that there is 
some recent connection between the colours of the parts of 
vegetables and the directions they assume ? 

“« Generally,” Dutrochet proceeds to remark, “ stems are 
directed towards the light, which is in accordance with their 
colour, which is usually green; while the roots have usually 
a tendency to avoid the light, which coincides with their want 
of colour. The colour of the roots is, in fact, nothing but that 
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of the vegetable tissue; and can by no means be compared 
to that of the petals of some plants, which arises from the 
presence of a white colouring matter. Light, which is the 
principal, but not sole, cause of the colour of stems and their 
organs, has no power of infusing colour into the roots, as may 
be easily seen by roots growing in glasses of water; in spite of 
the influence of the light they constantly remain colourless ; 
und this does not depend upon immersion in water, because 
leaves developed in that medium are nevertheless green. 
Although roots have, in general, no tendency towards the 
light, yet such a disposition does become manifest, provided 
the terminal shoot of a root becomes slightly green, as occa- 
sionally happens. Having induced some seeds of Mirabilis 
jalapa to germinate in damp moss, I remarked that the young 
roots, when about as long as the finger, were terminated by a 
shoot of a slightly green colour. Wishing to know whether 
these roots would turn towards the light, I placed them in a 
glass vessel filled with water, having a wooden cover pierced 
with holes to receive the roots and fix the seeds. I enveloped 
the vessel in black cloth, leaving only a narrow vertical slit, 
through which light could enter the interior. This slit was 
exposed to the rays of the sun; and, a few hours after, I found - 
that all my roots had hooked back their points towards the slit 
through which light was introduced. ‘The same experiment 
was tried with colourless roots; but no alteration in their 
direction was produced. From this it appears evident that 
colour is one of the conditions that determine the directions of 
vegetables and their parts towards the light, and consequently 
towards the sky. This is so true, that colourless stems are 
known to assume the directions of roots. In the Sagittaria 
sagittifolia this is particularly obvious. Shoots are produced 
from the axillee of all the radical leaves which grow at the bot- 
tom of the water. ‘These shoots have their points directed to- 
wards the sky, like those of all vegetables. ‘The young stems, 
which are produced by these shoots, are entirely colourless, 
like roots; and, instead of taking a direction towards the sky, 
as coloured stems would do, they lead downwards, pointing 
towards the centre of the earth. In order to take this position, 
the young shoot forces its way through the substance of the 
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petiole which covers it; thus overcoming a mechanical obstacle 
in its tendency towards the earth. ‘This subterranean stem 
next takes a horizontal course, and does not assume any 
tendency towards the sky until the points become green.” 
Dutrochet has also remarked a similar phenomenon in roots. 
It is well known that exposed stems of many plants produce 
roots: when green, they turn upwards, as in Pothos and Cac- 
tus phyllanthus; when colourless, they point downwards, 
Hence it is to be inferred that stems do net descend merely 
because they are stems, but because their parenchyma is 
coloured ; and that roots descend not in their quality of roots, 
but because their parenchyma is colourless. It seems, how- 
ever, that although this law is uniform in its operation in all 
terrestrial plants, yet that a deviation, or apparent deviation, 
from it exists in the parasitic miseltoe. ‘The radicle of this 
plant, which is of a paler green than the other parts, instead 
of turning towards the light, avoids it with so much pertina- 
city that it is impossible to induce it to take such a direction ; 
so that it seems to be repelled by light. Dutrochet does not 
seem to be able to satisfy himself of the reason of this excep- 
tion: but it appears to be by no means difficult to account 
for. We have seen that, in the direction of its radicle, nature 
has enabled it to fulfil its functions as a parasitic plant by the — 
attraction of the body on which it is placed, rather than by 
the much more powerful attraction of the earth. In order 
to ensure this particular tendency, without possessing which 
the existence of the miseltoe would be put in hazard, its 
root has received from the same all-powerful Hand a dispo- 
sition so much greater than other plants to avoid light, and 
to bury itself in the obscurity of the interior of a tree, as 
to be sufficient to overcome the influence of its green colour- 
ing matter. 

The next direction of the parts of plants, which may be 
called special, is that of the upper surface of the leaves 
towards the sky, and of the lower towards the earth. This 
disposition is so powerful, that, if the usual direction of a leaf 
is inverted, the petiole will twist so as to enable it to recover 
itself. ‘This phenomenon has been noticed by Bonnet, whose 
explanation has been already given, but which is -ob- 
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viously inadmissible. There is always a natural difference 
between the two faces of the leaf: the upper is always the 
most deeply coloured; a difference which will be found con- 
stant in all cases. The face with the deepest colour turns 
towards the sky or light, and, with the weakest colour, towards 
the earth or obscurity; and this is so constant a law, that it 
will be found that if that surface of the leaf which is naturally 
inferior is more deeply coloured than the superior, the petiole 
will be twisted round by the greater affinity of the lower sur- 
face for the light, which will thus become uppermost, the leaf 
presenting the appearance of an inverted leaf. ‘This may be 
seen in many grasses, but not in Zea Mays, ‘Triticum repens, 
and Agrostis rubra. Hence it is to be concluded, that the 
upper surface of the leaf is not turned towards the heavens 
merely in consequence of its quality of being the upper sur- 
face, but because it is generally the most deeply coloured. 
The same law influences the directions of the petals, in 
which the upper surface, — that which is turned towards the 
heavens, — is always the most highly coloured: this, indeed, 
is sometimes not very apparent, but is nevertheless constant. 
Even in white petals, — such, for example, as those of Lilium 
album, — the upper face will be found of a dense but brilliant 
white, while the lower is of a much paler hue. The white 
colour of the petals, Dutrochet proceeds to remark, like all the 
other colours of plants, is due to a particular kind of colour- 
ing matter deposited in the parenchyma lying below the 
cuticle. ‘Thus the whiteness of the flowers of plants is not 
dependent upon the absence of colour, like the roots and 
etiolated stems: in the former a white colouring matter exists ; 
in the latter the whiteness is caused by absence of colour. 
Some apparent exceptions to this law, —such as the outside 
of many monopetalous flowers being paler than the inside, as 
in Digitalis purpurea, Fritillaria Jatifolia, and others, — Du- 
trochet thinks may be explained thus : — These cases, no doubt, 
are due to the tendency of the less coloured part toavoid the 
light, which is manifested by bearing down the flower so as to 
approach the seat of obscurity as nearly as possible: all such 
flowers being always nodding. ‘This tendency is aided by 
the weakness of the peduncle, which seems to have been 
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specially provided for enabling such flowers to retire from the 
light. In papilionaceous plants, the inside of the vexillum, 
which is most deeply coloured, always turns itself towards the 
light; and the ale twist themselves half round, to effect the 
same object. The ovaries often take a different direction after 
the fall of the corolla than they had before. Thus, during 
flowering, the ovary of Digitalis purpurea was nodding like 
the flower, the direction of which it was compelled to follow. 
Immediately after the fall of the corolla, it turns upwards to- 
wards the light, to which it is attracted by its green colour. 
A contrary phenomenon is presented by the ovary of Con- 
volvulus arvensis. ‘The flower is turned towards the sky: as 
soon as it has fallen, the ovary takes a direction towards 
the earth, bending down the peduncle. This cannot be due 
to the weight of the ovary, which is much lighter than its 
peduncle, but must depend upon its disposition to avoid the 
light, on account of its pallid hue, which is nearly the same 
as that of the root. In Convolvulus sepium, on the contrary, 
in which the ovary is equally pale, its erect position is 
maintained, and the influence of decoloration counteracted by 
the greater affinity to the light of two large green bracts in 
which it is enveloped. 

From the following and some other experiments, Dutrochet 
infers that the direction of leaves to the light is not mecha- 
nically caused by the operation of an external agent, but is 
due to a spontaneous motion, put in action by the influence 
of external agency. He took a leaf and cut off its petiole, the 
place of which was supplied by a hair, hooked by one end 
upon the leaf, and having a piece of lead attached to its oppo- 
site extremity. They were plunged in a vessel of water: the 
weight of the lead carried the leaf to the bottom of the 
water, where it stood erect in consequence of its lightness 
inducing it to attempt to ascend. Being exposed in a win- 
dow, so that the under surface was turned to the light, no 
alteration took place in its position. Now, as from Bonnet’s 
experiments, it is certain that leaves immersed in water act 
exactly as if surrounded with air, it is to be inferred that the 
external influence of the light is of no effect, unless aided by a 
spontaneous power within the vegetable which was destroyed 
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by the removal of the petiole. Leaves immersed in water 
under similar circumstances, with their petioles and stem un- 
injured, turned towards the light as they would have done in 
the open air. 

Those who desire more information upon this very curious 
subject should consult Dutrochet’s work, Sur la Motilité des 
Végétaux. 
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CHAPTER XIII. 
OF IRRITABILITY. 


Tue vitality of plants seems to depend upon the existence 
of an irritability, which, although far inferior to that of ani- 
mals, is, nevertheless, of an analogous character. 

This has been proved by a series of interesting experiments 
by Marcet, of Geneva, upon the exact nature of the action 
of mineral and vegetable poisons. ‘The subject of his observ- 
ations was the common kidney-bean; and in each experiment 
a contrast was formed between the plant operated upon and 
another watered with spring water. A vessel containing two 
or three bean plants, each with five or six leaves, was watered 
with two ounces of water, containing twelve grains of oxide 
of arsenic in solution. At the end of from twenty-four to 
thirty-six hours the plants had faded, the leaves drooped, and 
had even begun to turn yellow. Attempts were afterwards 
made to recover the plants, but without success. A branch 
of a rose tree was placed in a solution of arsenic; and in 
twent-four hours ten grains of water and 0°12 of a grain of 
arsenic had been absorbed. The branch exhibited all the 
symptoms of unnatural decay. In six weeks a lilac tree was 
killed, in consequence of fifteen or twenty grains of moistened 
oxide of arsenic having been introduced into a slit in one of the 
branches. Mercury, under the form of corrosive sublimate, 
was found to produce effects similar to those of arsenic; but 
no effect was produced upon a cherry tree, by boring a hole 
in its stem, and introducing a few globules of liquid mercury. 
Tin, copper, lead, muriate of barytes, a solution of sulphuric 
acid, and a solution of potash, were found to be all equally 
destructive of vegetable life; but it was ascertained, by means 
of sulphate of magnesia, that those mineral substances which 
are innocuous to animals are harmless to vegetables also. In 
ule experiments with vegetable poisons, the bean plants were 


346 PHYSIOLOGY. BOOK Il. 


carefully taken from the earth, and their roots immersed in 
the solutions used. It had been previously ascertained that 
plants so transplanted and placed in water under ordinary 
circumstances would remain in excellent health for six or 
eight days, and continue to vegetate as if in the earth. A 
plant was put into a solution of nux vomica at nine in the 
morning: at ten o’clock the plant seemed unhealthy; at one 
the petioles were all bent in the middle; and in the evening 
the plant was dead. ‘Ten grains of an extract of cocculus 
suberosus, dissolved in two ounces of water, destroyed a 
bean plant in twenty-four hours; prussie acid produced 
death in twelve hours, laurel water in six or seven hours, 2 
solution of belladonna in four days, alcohol in twelve hours. 

From the whole of his experiments, M. Marcet concludes, 
— st, That metallic poisons act upon vegetables nearly as 
they do upon animals: they appear to be absorbed and car- 
ried into different parts of a plant, altering and destroying 
the vessels by corrosive powers. 2dly, ‘That vegetable poi- 
sons, especially those which have been proved to destroy 
animals by their action upon the nervous system, also cause 
the death of plants: whence he infers that there exists in 
the latter a system of organs which is affected by poisons, 
nearly as the nervous system of animals. 

These facts have been confirmed by other experiments of 
Macaire, which will be mentioned presently. 

Irritability, in the common acceptation of the term in bo- 
tany, means those extreme cases of excitability in which an 
organ exhibits movements altogether different from those we 
commonly meet with in plants. Of this kind of irritability 
there are three distinct classes; namely, those which depend 
upon atmospheric phenomena, spontaneous motions, and such 
as are caused by the touch of other bodies. 

Among the cases of irritability excited by particular states 
of the atmosphere, the singular phenomenon called, by Lin- 
neeus, the sleep of plants, is the most remarkable. In plants 
with compound leaves, the leaflets fold together while the 
petiole is recurved at the approach of night; and the leaflets 
again expand and raise themselves at the return of day. 

In others the leaves converge over the flowers, as if to 
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shelter those most delicate organs from the chill air of night 
The flowers of the crocus and similar plants expand beneath 
the bright beams of the sun, but close as soon as they are 
withdrawn. The Cénotheras unfold their blossoms to the dews 
of evening, and wither away at the approach of day. Some 
Silenes roll up their petals in the day, and expand them at 
night. ‘The florets of numerous Compositze, and the petals of 
the genus Mesembryanthemum, are erect in the absence of 
sun, but become reflexed when acted upon by the sun’s beams ; 
and many other such phenomena are familiar to every observer 
of nature. It is probable, indeed, that a different effect is 
produced upen all plants by day and night, although it is less 
visible in some than in others: thus plants of corn, in which 
there is little indication of sleep when grown singly, exhibit 
that phenomenon very distinctly when observed in masses ; 
their leaves become flaccid, and their ears droop at night. 
‘These effects have been generally attributed to the action of 
light; and it is probable that that agent contributes very 
powerfully to produce them; for a flower removed from the 
shade will often expand beneath a lamp, just as it will beneath 
the sun itself. De Candolle found that he could induce plants 
to acknowledge an artificial day and night, by alternate expo- 
sure to the light of candles. ‘There must, however, be some 
cause beyond light, of the nature of which no opinion has yet 
been formed: many flowers will close in the afternoon while 
the light of the sun is still playing upon them, and the petals 
of others will fold up under a bright illumination. 
Spontaneous movements are far more uncommon than those 
which have just been described. In Megaclinium falcatum, 
the labellum, which is connected very slightly with the 
columna, is almost continually in motion; in a species of 
Pterostylis, shown me by Dr. Brown, I observed a kind of 
convulsive action of the labellum; the filaments of Oscilla- 
torias are continually writhing like worms in pain; several 
other Confervas exhibit spontaneous movements: but the 
most singular case of the kind is that of Hedysarum gyrans. 
*“« This plant has ternate leaves: the terminal leaflet, which is 
larger than those at the side, does not move, except to sleep; 
but the lateral ones, especially in warm weather, are in con- 
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tinual motion, both day and night, even when the terminal 
leaflet is asleep. External stimuli produce no effect; the 
motions are very irregular; the leaflets rise or fall more or 
less quickly, and retain their position for uncertain periods. 
Cold water poured upon it stops the motion, but it is imme- 
diately renewed by warm vapour.” 

To this class of irritability ought, perhaps, to be referred 
the curious phenomenon well known to exist in the fruit of 
Momordica elaterum, the spirting cucumber. In this plant 
the peduncle, at a certain period, when the fruit has attained 
its perfect maturity, is expelled, along with the seeds and the 
mucus that surrounds them, with very considerable violence. 
Here, however, endosmose appears to offer a satisfactory ex- 
planation. According to Dutrochet, the fluid of the placen- 
tary matter in this fruit gradually acquires a greater density 
than that which surrounds it, and begins to empty the tissue 
of the pericarpium: as the fruit increases in size the same 
operation continues to take place; the pulpy matter in the 
centre is constantly augmenting in volume at the expense of 
the pericarpium ; but, so long as growth goes on, the addition 
of new tissue, or the distension of old, corresponds with the in- | 
crease of volume of the centre. At last growth ceases, but 
endosmoses proceeds; and then the tissue that lines the walls 
of the central cell is pressed upon forcibly by the pulp that it 
encloses, until this pressure becomes so violent that rupture 
must take place somewhere. ‘The peduncle, being articulated 
with the fruit, at length gives way, and is expelled with vio- 
lence ; at the same time the cellules of tissue lining the cavity 
all simultaneously recover their form, the pressure upon them 
being removed, and instantly contract the space occupied by 
the mucous pulp; the consequence of which is that it also is 
forced outwards at the same time as the peduncle. It has 
been found by measurement, that the diameter of the central 
cavity is less after the bursting of the fruit than before. 

Movements produced by touch, or by external violence, 
are very frequent. The sensitive plant (Mimosa pudiea), 
which will rapidly fold up its leaves as if in a state of sleep, 
is, perhaps, the most familiar instance: but many others also 
exist. If the centre of the leaf of the Dionzea muscipula is 
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irritated, the sides collapse, so as to cross the ciliz of their 
margin, like the teeth of a steel-trap for catching animals. 
Roth is recorded to have seen something of the same kind in 
Drosera rotundifolia. If the bottom of the stamens of the 
common berberry is touched on the inside with the point of 
a needle, they spring up against the pistillum. The valves of 
Impatiens noli-tangere, when the fruit is ripe, separate and 
spring back with great elasticity when touched. In this case 
the phenomenon is apparently capable of explanation upon 
a similar principle to the Momordica elaterium. In the 
fruit of Impatiens the tissue of the valves consists of cellules 
that gradually diminish in size from the outside to the inside; 
and the fluids of the external cellules are the densest. The 
latter gradually empty the inner cellules and distend them- 
selves ; so that the external tissue is disposed to expand, and 
the internal te contract, whenever any thing occurs to destroy 
the force that keeps them straight. This at last happens by 
the disarticulation of the valves, the peduncle, and the axis ; 
and then each valve rapidly rolls inwards with a sudden 
spontaneous movement. Dutrochet proved that it was pos- 
sible to invert this phenomenon by producing exesmose: for 
that purpose he threw fresh valves of Impatiens into sugar 
and water, which gradually emptied the external tissue, and, 
after rendering the valves straight, at length curved them 
backwards. 

The column of the genus Stylidium, which in its quiescent 
position is bent over one side of the corolla, if slightly 
irritated, instantly springs with a jerk over to the opposite side 
of the flower. In Kalmia the anthers are retained in little 
niches of the corolla; and, as soon as they are by any cause 
extricated, the filaments which had been curved back recover 
themselves with a spring. In certain orchideous plants, of 
the tribe called Vandeze, the caudicula to which the pollen 
masses are attached will often, upon the removal of the anther, 
disengage themselves with a sudden jerk. 

An elaborate exposition of the phenomena accompanying 
the movements of the sensitive plant has been given by 
Dutrochet, in his Recherches, Sc. sur la Structure intime des 
Animaux et des Végetaux, et sur leur Motilité, which should be 
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consulted by all readers desirous of studying the irritability 
of that very remarkable plant. 

That a peculiar kind of irritability does exist in plants, not 
very different from what we remark in animals, has been 
shown in part by the experiments of Marcet already quoted, 
and still more by those of Macaire. 

The former observer proved that narcotic and irritating 
poisons produce an effect upon vegetables altogether analogous 
to that which they produce upon animals. ‘The very valuable 
experiments with gases by ‘Turner and Christison, mentioned 
formerly, lead to the same conclusion. ‘These gentlemen re- 
mark, that “the phenomena, when compared with what was 
observed in the instances of sulphurous and hydrochloric acid, 
would appear to establish, in relation to vegetable life, a dis- 
tinction among the poisonous gases nearly equivalent to the 
difference existing between the effect of the irritant and the 
narcotic poisons on animals. ‘The gases which rank as irri- 
tants in relation to animals seem to act locally on vegetables, 
destroying first the parts least plentifully supplied with 
moisture. ‘The narcotic gases, — including under that term 
those that act on the nervous system of animals, — destroy 
vegetable life by attacking it throughout the whole plant at 
once. ‘The former, probably, act by abstracting the moisture 
of the leaves; the latter, by some unknown influence on 
their vitality. The former seem to have upon vegetables none 
of that sympathetic influence upon general life, which in 
animals follows so remarkably injuries inflicted by local 
irritants.” 

A similar result was arrived at by Maeaire, whose very 
curious and instructive experiments are recorded in the Bi- 
bliothéque Universelle, xxxi. 244., and which I think of sufficient 
importance to be detailed at length. 

The first plant used was the Berberis vulgaris. The six 
stamina of the flowers of this plant have the property of 
rapidly approaching the pistil when touched by the point of 
an instrument. ‘The motion occurs at the base of the stamens. 
When cold, the motion is sometimes retarded. When put 
into water or solution of gum, the flowers may be preserved 
many days, possessing their irritability. The petals and 
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stamens close at night to open again inthe morning. Putting 
the stem of this plant into dilute prussic acid for four hours, 
occasioned the loss of the contractile property by irritation ; 
_the articulation became flexible, and might be inclined in 
any direction by the instrument. ‘The leaves had scarcely * 
begun to fade. On placing the expanded flowers on the 
prussic acid, the same effect took place, but much more 
rapidly. 

The experiment being repeated, with an aqueous solution 
of opium, a similar effect was produced in nine hours. 

Dilute solutions of oxide of arsenic and arseniate of potash 
were used: the stamens lost the power of approaching the 
pistil; but they were stiff, hard, withdrawn backwards, and 
could not have their direction altered without fracture. It 
seemed like an irritation, or a vegetable inflammation. 

Solution of corrosive sublimate more slowly produced the 
same effects. 

Sensitive plant (Mimosa pudica). — Experiments were now 
made with this vegetable. When a leaf of this plant is 
cut, and allowed to fall on pure water, the leaflets generally 
contract rapidly; but after a few moments expand, and are 
then susceptible ef contraction by the touch of any other 
body. ‘They may thus be preserved in a sensible state two 
or three days. If the section be made with a very sharp 
instrument, and without concussion, the leaves may be sepa- 
rated without any contraction. ‘The branches of this plant 
may be preserved for several days in fresh water. Gum- 
water also effects the same purpose. 

When a cut leaf of this plant falls upon a solution of cor- 
rosive sublimate, the leaf rapidly contracts, and the leaflets 
eurl up in an unusual manner, and do not again expand. 
When put into pure water, the sensibility does not return, 
but the whole remains stiff and immovable. A _ little solution 
of corrosive sublimate being put into a portion of pure water, 
containing an expanded branch of the plant, gradually caused 
curling up of the leaves, which then closed and fell. If the 
solution be very weak, the leaves open on the morrow, and are 
still sensible, but ultimately contract, twist, and remain stiff 
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till they die. Solutions of arsenic and arseniate of potash 
produce the same effects. 

A leaf of the sensitive plant was in a cold diluted solution 
of opium: in a few moments it opened out as in water, and, 
after half an hour, gave the usual signs of contractibility. In 
six hours it was expanded, and had a natural appearance, but 
could not be excited to move. ‘The leaflets were flexible at 
the articulations, and offered a singular contrast to the state 
of irritation produced by corrosive sublimate. Pure water did 
not recover the plant. A large branch, similarly situated, 
expanded its leaves; but in half an hour had lost much of 
its sensibility: the leaflets, though alive, seemed asleep, and 
required much stimulating to cause contraction. In one hour 
the contractions ceased: in two hours the branch was dead. 

A leaf placed in prussic acid (Scheele’s strength) con- 
tracted, then slightly dilated, but was quite insensible, and 
the articulations were flexible: water did not recover it. If © 
the acid be very weak, the leaflets dilate and appear to live, 
but are insensible. A drop of the acid plaeed on two leaflets 
of a healthy plant gradually causes contraction of the other 
leaflets, pair by pair. Solutions of opium and corrosive 
poisons have no effect when applied this way. After some 
time they dilate, but are insensible to external irritation: the 
sensibility returns in about half an hour; but the leaflets 
appear as if benumbed. 

The plant exposed to the vapour of prussic acid is affected 
in the same way: ammonia appears to favour the recovery 
of the plant. 

A cup containing dilute prussic acid was so placed that 
one or two leaves, or sometimes a branch, of a healthy plant 
could be plunged into the liquid, or left to repose on its sur- 
face. The leaflets remained fresh and extended, but were 
almost immediately insensible. Being left in this state for 
two hours, they were expanded; and no irritation could cause 
their contraction, though otherwise there was no appearance 
of an unnatural state. At five o’clock in the evening the 
leaves were left to themselves. At nine o’clock they were 
open and insensible. At midnight they were still open, 
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whilst all the rest of the plant, and the neighbouring plants, 
were depressed, contracted, and in the state of sleep. On 
the morrow they resumed a little sensibility, but seemed 
benumbed. 

In the same manner Macaire has interfered with other 
plants as to the state of sleep, and observes that prussic acid 
thoroughly deranges the botanical indications of time of 
Linneus. 
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CHAPTER XIV. 
OF COLOUR AND SMELL. 


Tue following abstract of the views of De Candolle and him- 
self upon this most obscure subject, has been given by the 
author of the article Botany, in the Library of Useful Know- 
ledge. 

‘There certainly is no point of either animal or vegetable 
physiology now remaining to be explained, of which so 
little is really known as the cause of the various and varying 
colours with which organic matter is adorned. We see in 
birds the plumage marked with the strongest contrasts of the 
most dissimilar colours, reproduced with an exactness which 
is most wonderful; we find the breeders of curious races able 
to preserve peculiar kinds of marking, and even to improve 
them, with the most admirable precision ; we also know that 
in plants, without any visible constitutional change, without 
accident, and without any known predisposing cause, a yellow 
flower will become pink, and a pink one yellow; and we 
know that if the portion of the stem thus altered be increased 
by the division of itself, the change is fixed and may be mul- 
tiplied for ever. A dingy brownish purple tulip will suddenly, 
and without warning, burst forth in the most radiant beauty, 
its dull disagreeable colours dispersed, a pure and spotless 
white taking its place in part, and the brightest and deepest 
streaks of crimson adding richness to its purity. If we look 
minutely to these circumstances, we shall find that each par- 
ticular cell has its own colour, —that there is no intermixture 
of tints, but that whatever the hues may be, each has its own 
cluster of cells to represent it: and even in the midst of a 
large mass of uniform colouring, a few cells, or even a single 
one, will secrete a colouring matter which forms the strongest 
contrast with what surrounds it; as in the blood-red orange, 
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and similar cases. “I’o what causes all these extraordinary cir- 
cumstances are to be ascribed no one knows. As yet our 
information concerning vegetable colours is of the vaguest 
nature. But as it is one of very great interest, and particu- 
larly deserving the notice of the philosophical botanist, we 
make no scruple of borrowing from De Candolle an abstract 
of what is at present known or conjectured of the subject. 

‘“‘ We are so accustomed, he remarks, to see plants decorated 
with the most brilliant colours, or at least invested with the 
green hue which characterizes every scene, that it is not with- 
out difficulty that we accustom ourselves to the idea that such 
colours do not exist in their primitive state, but are commu- 
nicated, as it were, to vegetation by its own act; and yet this 
is the exact truth. ‘The tissue of plants is in itself completely 
colourless, of a silvery white, or of an exceedingly pale yellow; 
the matters contained in the cellules are, with a few excep- 
tions, of the same hue; but all is changed when they are once 
exposed to solar light. 

‘“‘ We are accustomed to say that green plants become white 
in total darkness, because the phenomenon, inaccurately ob- 
served, is usually presented to us under that form: but the 
truth is, that although the parts of plants which originally are 
white or black become more or less coloured when exposed 
to the action of light, yet organs, once coloured, do not in 
reality lose their colour when kept in darkness; if they some- 
times seem to do so it is owing to this, — that if half-deve- 
loped leaves are placed in the dark, they grow larger, and the 
green matter which coloured them, being diluted by water 
and spread over a greater space, appears to be paler without 
being itself less coloured. ‘That the action of solar light is, 
in reality, the grand cause of colour in plants is proved by 
leaves half covered from light and half exposed, of which the 
latter become green and the former remain colourless; all 
gradations of intensity being produced in proportion to the 
intensity of light to which the parts are exposed. 

‘There are plants which, in those parts that are destined 
to become green, have spaces that preserve their original 
whiteness: such plants we call variegated, and find through 
almost all the divisions of the vegetable kingdom. In Exogens 
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the blotches are for the most part irregular: in Endogens 
they are usually arranged in bands that follow the course of 
the principal veins. Jn these places it is clear that chromule, 
or colouring matter, is either not found at all or in very small 
quantity, but the cause of the deficiency is entirely unknown. 
It is, however, interesting to remark, that variegations of this 
kind are best preserved in sterile, and are soonest lost in 
fertile soil, as if they were in reality an unhealthy state of a 
plant, —a supposition, however, which there are no sufficient 
grounds otherwise for entertaining. 

‘“‘ We have already seen that all parts which either are green 
or susceptible of becoming so, decompose the carbonic acid of 
the sap or of the atmosphere when they are exposed to solar 
light, that they part with the oxygen, and fix the carbon in 
their own tissue. Hence it was natural to conclude that this 
operation is connected with the formation of a green colour. 
In fact, when it takes place, greenness ensues; when it does 
not take place, the organ which developes in darkness, pre- 
serves the primitive white colour of the tissue; and when it 
has taken effect incompletely, the results are intermediate 
between the two preceding eases. 

“The deposition of carbon thus induced.does not act upon 
the vegetable membrane ; that is always of its original pearly 
lustre. But it forms a peculiar matter called green chromule ; 
the abundance or scantiness of which is what causes the differ- 
ent tints of leafy surfaces. ‘The action of the membrane pro- 
duces some effect, no doubt, either by reason of its own pallid 
hue, or its transparency or density, or of the hairs with which 
it is often covered, or of the air which it contains, or finally, 
of the waxy matter by which they are protected. But how 
does it happen that carbon, which is black, is capable of pro- 
ducing a green appearance in vegetation? ‘The old physio- 
logists supposed that it is in reality an intense blue, and not 
a black; and that, shining through the yellow sides of the 
cells, the combination of the two colours produced green. 
This notion, however, is disproved by the most casual in- 
spection, for the colouring matter may be separated from the 
tissue with the greatest facility, and it still preserves its 
colour; and, besides, the yellow of tissue, if any, is so exces- 
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sively feeble as to be wholly insufficient to overcome the blue- 
ness of the carbon if it were blue. The fact is, that the cause 
of carbon in the system of vegetation being green belongs to 
that numerous class of facts of which no explanation can be 
given in the existing state of human knowledge. 

“‘ Although we are justified by the mass of evidence in assert- 
ing that the green colour of plants is owing to the fixation of 
carbon in their tissue, in consequence of the power that light 
possesses of decomposing their carbonic acid, yet there are 
some exceptions that deserve attention. Humboldt found 
Poa annua and compressa, Plantago lanceolata, Trifolium 
arvense, Wall-flower, and the Rhizomorpha verticillata, green 
in the subterranean galleries of the mines of Freyberg, al- 
though born in total darkness, but in atmosphere highly 
charged either with hydrogen or nitrogen. Ferns and 
mosses, again, will be green where other plants are blanched ; 
and Humboldt found near the Canaries a fucus which was 
bright grass-green, although it had grown at the depth of from 
25 to 32 fathoms (190 feet). Now, as light, according to the 
experiments of Bouguer, after traversing 180 feet, is weakened 
in the proportion of 1 to 1477°8, this Fucus must have been 
illuminated when growing by a power 203 times less than 
that of a candle at a foot distance. Are we to suppose that 
this feeble degree of illumination was sufficient to decompose 
the carbonic acid of such a plant, or was not the decomposi-~ 
tion rather owing to the operation of some unknown eause ? 

*“‘ Leaves, which, as we very well know, are usually green, 
may assume different colours in special cases. It is common 
to see in the autumn this green change to yellow, as in the 
Lombardy poplar, &c.; or to red, as in the barberry, the 
sumach, the Virginian creeper, and many kinds of oaks. It 
has been ascertained by Macaire that in such cases the leaf, 
shortly before this change takes place, ceases to exhale oxygen 
in sun-light without ceasing to absorb it at night; whence he 
infers that the chromule is oxydized, which at first brings on 
a yellow and afterwards a red colour, for the most decided red 
always begins by a change to yellow. It is remarked that red 
colours are most common in leaves which contain some kind 
of acid, as the vine, the pear, the viburnum, the sorrel, &e, 
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The red colouring matter obtained from leaves forms infusions 
which, like those from flowers, become more intense when 
acted upon by acids. Yellow leaves act in this manner like 
yellow flowers. It is supposed by some, that while red is 
owing to the development of acid, other colours may be 
ascribed to the presence of an alkali. This is, however, far 
from proved. 

“The same colours which mark leaves in the autumn may 
also be produced by certain accidents. ‘Thus the puncture of 
an insect, the attacks of parasitical fungi, or injury from early 
frosts, produce partially or entirely yellow or red colours ; and, 
what is remarkable, the colours thus accidentally assumed are 
the same as the plant would have taken of itself in the autumn: 
thus accidents turn the leaves of the poplar and the lilac 
yellow, of the sumach or the pear tree red, as they become 
in the autumn. 

*‘ Certain leaves offer naturally on one or both their sur- 
faces marks coloured in a particular manner, from the mo- 
ment when they first unfold. ‘Tradescantia discolor, and 
several Begonias, have their under surface red; certain 
Arums are irregularly blotched with red; there are spe- 
cies of Amaranth which, in an apparently healthy and natu- 
ral state, have leaves banded with both yellow and red. 
Macaire has determined that the red chromule of leaves 
which are thus discoloured is chemically the same as that 
produced in the autumn. It is worthy of note, that in regu- 
lar and natural colourations red is very common, and _ yellow 
comparatively rare, although one would have thought that the 
latter, caused, as it seems to be, by a slighter kind of change 
than red, would have been the most common. Blue seems 
altogether excluded from changes of the leaves, except in the 
case of certain Eryngoes. 

“In many plants, the leaves which grow in the vicinity of 
flowers are accustomed to offer various tints, which are 
almost uniformly in unison with the colours of the flowers 
they accompany; such floral leaves or bracts are yellow in many 
Euphorbias, scarlet in Sages, violet in Clary, and blue in 
particular states of the Hydrangea. Macaire assures us that 
the chromule of the bracts of Salvia splendens presents the 
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same chemical characters as that of leaves which turn red 
in autumn. Such bracts appear coloured because the chro- 
mule deposited in their cells varies in its degree of oxygen- 
ation, and such variations appear to be in distinct relation 
with the flowers. The same observations apply to many 
calyxes. 

«¢Why then should it be different with petals and the 
petal-like parts of a flower? ‘These organs are in truth 
nothing but modified leaves; they are capable in particular 
cases, such as Hesperis matronalis, of transforming them- 
selves into genuine leaves, green, and capable of exhaling 
oxygen. Can there be any the smallest reasonable doubt 
that these leafy petals contain in their cellules a chromule 
analogous to that of leaves, and consequently that when 
they are coloured they owe their colouring to a modification 
of chromule ? 

“It is therefore probable that all the various colours of 
flowers, with the exception of certain special cases determined 
by the presence of some free alkali or acid, depend in gene- 
ral upon the various degrees of oxygenation of their chromule: 
and that this theory ought to extend to fruits and bracts 
where those organs participate in the same colours. 

‘‘ With regard to the exact relation that colours really bear 
to one another, and to the causes that are supposed to influ- 
ence them, a memoir upon the colours of flowers, published 
at Tubingen, in 1825, by Messrs. Schubler and Funk, is 
deserving of especial attention. From their account it ap- 
pears that flowers may be divided into two great series — 
those having yellow for their type, and which are capable of 
passing into red or white, but never into blue; and those of 
which blue is the type, which can pass into red or white, but 
never yellow. The first of these series is called by these 
observers oxydized, and the second disoxydized, and they 
consider greenness as a state of equilibrium between the two 
series. De Candolle calls the first series zanthic, and the 
last cyanic. Upon this principle they admit the following 
scale, leaving white out of consideration : — 
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Red Greenish-blue 
Orange red Blue 
Orange Oxydized or | Violet-blue Disoxydized or 
Orange-yellow { Xanthic series. | Violet Cyanic series. 
Yellow Violet-red 
Yellow-green Red 

Green . . . . Colour of leaves. 


“‘ Which may be otherwise expressed thus — 


Green. 
ae Greenish-blue | Yellow-green 3 
On . 2 N 
og Blue Yellow 5 4 
'e bre 4 Violet-blue Orange-yellow. ¢ = Bex 
5.5 & | Violet Orange tO & 
see Violet-red Orange-red 5 
Red. 


*¢ It will be at once remarked, in considering these tables, 
that almost all flowers susceptible of changing colour only do 
it in general by rising or descending in the series to which 
they belong. ‘Thus in the xanthic series, the flowers of Mar- 
vel of Peru may be yellow, orange-yellow, or red; those of 
the Austrian rose, orange-yellow or orange-red; those of the 
Nasturtium vary from yellow to orange and orange-red ; those 
of the garden Ranunculus pass through every gradation in the 
series, from red to green. As to the cyanic series, the Ane- 
mone varies from blue to violet and red; the Hyacinth from 
green to red through all the gradations; the Lithospermum 
purpuro-ceeruleum from blue to violet-red; and the China 
aster from violet-blue to violet, violet-red, and red. 

‘¢ Although there are certain exceptions to these rules, par- 
ticularly in the Hyacinths, some of whose varieties approach 
the xanthic series, yet they are so far conformable to nature 
as to help us either in searching for the causes of colours, or 
in predicting the possible varieties of colour in flowers of the 
same species, and sometimes of the same genus. 

‘“‘'To the xanthic series belong all, or nearly all, the species 
of Cactus, Fig-Marigold, Aloe, Cytisus, Wood sorrel, Rose, 
Mullein, Potentilla, Gtnothera, Ranunculus, Adonis, ‘Tulip, 
&e.; to the cyanic series those of Campanula, Phlox, Epilo- 
bium, Hyacinth, Geranium, Anagallis, Globularia, &Xc. 
Hence we may assume that there is in general a relation be- 
tween the colours of flowers and generic classification — an 
hypothesis which may be the more readily admitted when it is 


CHAP. XIV. COLOUR AND SMELL. 361 


considered that some apparent exceptions to the cases just 
quoted in reality confirm the rule: as for instance, in the 
Campanula aurea, whose flowers are deep yellow, in a series 
otherwise cyanic: it is now known that this plant constitutes 
in reality a genus essentially different from Campanula, and 
called Musschia; and so with others. 

“It will have been remarked that white is omitted from 
these two series. It may be doubted, indeed, whether it 
really exists in a state of purity in flowers, and it seems to be 
rather some other colour reduced to an exceedingly light tint. 
Redouté, the French flower-painter, is said to have availed 
himself with great advantage of this fact. He always placed 
the flower he wished to represent before a sheet of paper like 
that on which he had made his drawing, and he uniformly 
found that the flower would differ from the paper in being 
more yellow, or more pink, or more blue, or in some other 
way. White Campanulas become blue when they are dried; 
infusions of white flowers in alcohol have always a perceptible 
tinge. Flowers which are white verging upon yellow, yield 
infusions which alkalies bring to a more decided yellow or a 
more positive brown; infusions of those which are white, tend- 
ing to blue or red, become light-red by the action of acids, 
and greenish by the action of alkalies. 

*‘ It is probable that whiteness, or that kind of paleness 
which constitutes white, is owing to the chromule not being 
completely elaborated. This may be inferred, — 1. from the 
analogy between this-colour and blanched plants; 2. from the 
much greater number of white flowers in northern than in 
equatorial regions; and 3. from a considerable number of 
flowers which are born white acquiring some other colour be- 
fore they die, if exposed to solar light. Thus the Cheiranthus 
chameeleo has a flower at first of a whitish colour, which 
afterwards becomes lemon-yellow, then red, slightly violet. 
Stylidium fruticosum has its young petals pale yellow, its old 
ones white tinged with red. ‘The flowers of Ginothera tetrap- 
tera are at first whitish, afterwards pink, and finally red. The 
petals of the common tamarind are said to be white the first 
day, and yellow the second. ‘The corolla of Cobzea scandens 
is greenish-white the first day, and violet the next. Finally, 
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Hibiscus mutabilis unfolds its blossoms in the morning white, 
by noon they are pink, and red at night. ‘These changes are 
constant in the West Indies; but Ramon de la Sagra ob- 
served, that on the 19th of October, 1828, the flowers of this 
plant remained white all day in the garden at the Havannah, 
and did not become pink till noon the next day. Now this 
19th of October was remarkable for the centigrade thermome- 
ter not rising higher than 19°, while the ordinary temperature 
of the flowering season of the Hibiscus is 30° centigr.; so that 
it would seem that heat has some important connexion with 
the developement of colour; and this notion is in aceordance 
with the fact already mentioned, that white flowers are most 
common in cold countries. 

‘¢ Black is omitted in the two series of colours; it appears 
to be, in all cases, an excessively dark state of brown, produced 
from a yellow base, or from a deep red; and is of too rare an 
occurrence to be deserving much consideration, while so much 
remains to ascertain concerning commoner colours. 

‘‘In red, there is this remarkable fact, that it belongs to 
both series; and if the theory of oxydation should be con- 
firmed, it will appear to result from both the maximum and 
minimum of oxygenation. We may remark, indeed, that the 
various tints of red flowers differ much more from each other 
than those of any other colour. ‘Those which become red 
through the xanthic series have usually a more brilliant 
richer, and more scarlet hue; while such as reach it through 
the cyanic series have a decidedly violet tinge. Rose, which 
is nothing but diffused red, may belong to both series; thus 
the rose colour of the Hydrangea evidently tends to blue, 
while that of the rose itself appears to derive its origin from 
yellow. An infusion of red flowers in alcohol takes a tinge 
more or less red; add a little acid, and this colour imme- 
diately deepens; sometimes, as in the Pelargonium, it passes 
to orange. Alkalies produce the most variable results in 
different plants. 

‘¢ An examination of the two most irreconcileable colours, 
yellow and blue, points out some characters which are suffi- 
ciently well marked. 

“Infusions of yellow flowers in alcohol are of a clear yellow, 
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without the flowers losing much colour. Acids produce no 
other effect in these infusions than to weaken their colour 
slightly. Alkalis make them more brilliant or browner. 

‘¢ Blue flowers produce, in alcohol, infusions either of a 
clear blue, as those of flax; or very dark, as in the case of the 
aconite and the larkspur. By the addition of acids they 
become red, and of alkalies green. ‘Those which are coloured 
red by acids will not recover their blueness by the addition 
of alkalies, as sometimes happens to infusions of red flowers. 
Macaire having seen a red infusion of violets regain by de- 
grees the natural blue of those flowers, by the addition of a 
vegetable alkali, such as quinine or strychnine, suspects that 
the colour of the violet depends upon the combination of 
their chromule with some alkali. Schubler and Funk assure 
us that the infusion of the blue day lily (Funkia ccerulea), 
treated with an acid, will present in the same glass all the 
tints of the coloured spectrum. Blues are among the most 
changeable colours in vegetation, passing freely to white, and 
to different tints of violet and red. 

‘rom what has now been stated, it appears to result that 
modifications of chromule are the cause of the diversity of 
colours; and that these modifications depend principally upon 
the degree of oxygenation. In leaves fully developed the 
chromule is green; it gains a tendency to yellow or red when 
it is more oxydized, as one perceives by the changes of the 
colour of leaves in autumn by the effect of acids; and it ap- 
pears to verge to blue when it is less oxydized, or, which 
comes to the same thing, more carbonated: thus we know 
that the flower of the Hydrangea becomes blue in a soil suf- 
ficiently impregnated with carbonate of iron. 

‘‘ All the brilliant spectacle of vegetable colours tends to 
disappear either in consequence of accidents or upon the ap- 
proach of.death; and what renders this subject the more 
curious is that, 1. discolouration is often determined by the 
same agents as in other cases produce colour; and 2. that 
certain organs which have no colour while alive gain when 
dead a very decided tint. 

‘“‘ Solar light seems to be the most usual cause of those 
losses or changes of colours. While plants are alive, it acts, as 
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we have so frequently seen, by colouring them ; but in certain 
cases its too powerful action discolours them. Thus the cul- 
tivators of tulips place their flowers under a tent, knowing 
very well that the direct action of the sun tends to alter their 
colours more promptly than would be the case in the shade. 
A great number of delicate flowers, particularly of those 
belonging to the cyanic series, exhibit this phenomenon. 

‘“‘ Most aquatic plants gain in death a whitish hue; this is 
particularly remarked in sea-weeds, which, from the most 
brilliant blue or green, pass to white when they die, an effect 
which seems to be augmented when they are exposed to air 
and light; but the exact mode of action of these several 
agents has not been appreciated. resh-water confervee and 
several aquatic herbs present the same system of discolour- 
ation. Air evidently produces its effect by altering their 
chromule, probably by abstracting its carbon; for such is the 
ordinary effect of the air upon dead vegetable matter. Cha- 
ras, in particular, when dried in the air, become quite white ; 
this tint is no doubt to be ascribed to the alteration of their 
chromule, but in all probability also to the encrmous quantity 
of calcareous matter that those plants, while alive, fix in their 
tissue ; other cases of a like nature may be easily named. 
The straw-coloured hue of the green parts in a great number 
of dead vegetables after death depends, on the one hand, upon 
the oxygenation of their chromule, and on the other on the 
decarbonization determined after death by the action of the 
oxygen of the air. Most leaves when they die are invested 
with a uniform russet colour; it has some analogy with 
what happens in bletted fruits, such as the medlar. Such 
a state of the leaf may very well be owing in leaves, as well 
as in fruits, to an alteration in their principles analogous to 
putrefaction or fermentation. It is always accompanied with 
a great loss of water; but we have no direct evidence as 
to the nature of this change. 

** Not less curious nor less difficult to reduce to any in- 
telligible laws is the subject of Vegetable Odours. Our 
senses are daily gratified by the sweet perfumes exhaled by 
the leaves and flowers that surround us; and art exhausts 
its skill to preserve them by means which enable us always to 
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have them present for our use; but as to the reasons why 
one kind of flower is odoriferous, and another scentless, we 
are still more in the dark than in what relates to colour. 
Here, therefore, we shall confine ourselves very much to a 
mere statement of facts, introducing theory only in cases 
which may appear to be pretty well understood. For this 
purpose we again avail ourselves of many of the materials 
collected by De Candolle in his invaluable Vegetable Physio- 
logy. 

‘All odours are owing to the disengagement of volatile 
matter; and as there are few organized bodies in which, in 
their natural state, there is not some volatile constituent part, 
so neither are there many organic bodies absolutely destitute 
of smell. But it is only to cases in which the scent is very 
perceptible to our senses that we apply the idea of odoriferous, 
and it is consequently to those that we here confine ourselves ; 
dividing them into permanent, fugitive, and intermittent. 

‘“‘ Those odours are the most permanent in which the volatile 
matter is so inclosed in cells and concentrated as to disperse 
slowly. Of this many instances are afforded by wood and 
bark, which being in truth the only permament parts of 
vegetation, will of necessity be the receptacle of durable 
odours; such parts are not scented, because of their own 
proper nature, for all the tissue of plants is originally scent- 
less, or nearly so; but they owe their property to the fragrant 
secretions imprisoned in their cavities, and the permanence of 
their odour will be proportioned to the difficulty the volatile 
parts of their secretions experience in escaping through the 
tissue which incloses them, as well as to the degree in which 
the volatile matter may be fixed. ‘Thus resinous woods, such 
as cedar and cypress, are fragrant for an indefinite period, 
because the resinous matter in which their odour resides is 
parted with slowly. Parts, whose scent resides in essential 
oil, preserve their scent for a long time, where the essential 
oil is but slightly volatile, or the wood is thick and hard: 
thus the rose-wood of Teneriffe (not the rose-wood of the 
English cabinet-makers), produced by Convolvulus scoparius, 
preserves its odour a very long time; and in order to elicit it, 
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it is necessary to rub the wood strongly, so as to produce heat 
enough to volatilise the matter which is locked up in the very 
compact tissue of which that plant consists. ‘The necessity 
of producing a little heat, in order to produce an exhalation 
of the volatile matter, is further exemplified by the fragrance 
emitted by many woods, otherwise scentless, when exposed to 
the violent friction of a turner’s lathe: beech is said to 
acquire, under such circumstances, the smell of roses. But 
when, on the other hand, the volatile matter is inclosed in 
wood of a loose texture, neither is heat required to elicit it, 
nor has the wood, if exposed to the air, the power of retaining 
it for any considerable time, for the oxygen of the atmosphere 
will seize upon it rapidly, and quickly leave nothing behind 
but the inodorous tissue: this happens to cassia and cin- 
namon. 

“‘ Fugitive smells are those which, belonging to perishable 
organs, are either extremely perishable in their very nature, 
or are placed in tissue of the laxest kind, or are situated on the 
surface of plants where their volatile parts are continually ab- 
stracted by the atmosphere, or finally are secreted in quantities 
so small that a short exposure to air suffices to dissipate them. 
All these odours are produced only during the life of a plant; 
they are dispersed as they are formed, and after death leave 
no trace of their existence behind them. Like permanent 
odours, these are continually given off; and in some plants, as 
the orange and the violet, without any variation in intensity 
in different states of the atmosphere; but in the majority of 
cases the power of the smell will vary according to the eleva- 
tion of temperature, and the dampness of the air. This fact 
must be familiar to all who are acquainted with gardens. In 
the hot, dry weather of a summer’s noon, flowers either be- 
come scentless, or at least lose a large proportion of their 
useful fragrance ; and in walking through a wilderness of the 
most sweet-smelling plants, we find little sign of their odour, 
unless they are bruised or trampled upon. But if a heavy 
shower should come on, all will be changed in an hour’s 
time; every leaf, every flower, will emit its peculiar odour; 
the musk plant (Mimulus moschatus) will fill the air with its 


CHAP. XIV. COLOUR AND SMELL. 367 


singular scent, and it will be obvious that the addition of 
moisture to the air has produced a total change in the action 
of the odoriferous organs of plants. 

‘‘ The same phenomenon is daily repeated in the driest 
days of autumn. Those only who are accustomed to take 
their early walks abroad can have any idea of the difference 
between a richly stored garden early in the morning and at 
noon. When the sun has dried the air, and has been beating 
for some time upon vegetation, ill able to bear his action in 
consequence of the dryness of the source from which it 
draws its means of compensating for evaporation, however 
beautiful a garden may still remain, it cannot be compared to’ 
the same place before the dew has dispersed — when every 
herb, tree, and flower is pouring forth a stream of the most 
varied and delicious fragrance — when the air is impregnated 
with the most delicate balsamic odours—and when all nature 
seems as if offering up incense in gratitude for the refreshing 
powers of darkness and of dew. Let any one, for example, 
visit a thicket of cistuses as noon, and again the next morn- 
ing, and the difference will be exceedingly apparent. 'To 
what cause this is owing is unknown; possibly the effect of 
dryness and excessive heat may be to close the stomates, and 
to contract the tissue of plants, thus rendering it difficult for 
volatile matter to pass through their cuticle: it may also act 
by depriving them of the necessary proportion of water re- 
quired to enable them to perform their functions of secretion 
and assimilation, and thus arrest for a time the elaboration of 
the fugitive principles upon which fragrance depends. While, 
however, dew and showers, with intervals of bright light, are 
eminently favourable to the eliciting of vegetable perfumes, a 
continuance of wet and gloomy weather, without much sun- 
shine, is as greatly unfavourable. ‘This latter circumstance is 
explicable upon the general law of physiology, that secretions 
cannot be readily produced without the direct assistance of 
the sun’s light. 

“ With regard to what we call intermittent odours, no expla- 
nation seems possible in the present state of our knowledge. 
A few examples of them will therefore be all that we can 
give. All dingy-flowered plants, such as botanists call tristes, 
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belong to this class; such as the Pelargonium triste, Hesperis 
tristis, Gladiolus tristis, which are almost entirely scentless 
during the day, but become deliciously fragrant at night. 
Great numbers of Orchideous plants have flowers possessing 
the same property: the Catasetums have a fine aromatic 
odour at night, none in the day except C. purum; Cymbi- 
dium sinense is also chiefly fragrant at night; and so with a 
great many more. Cestrum nocturnum is another plant of 
the same nature; in the day it has no odour, at night its 
perfume is extremely powerful. One of the most singular 
instances of exceptions to all rules appears to be referable to 
this class: Cacalia septentrionalis exhales an aromatic odour 
if exposed to the direct rays of the sun; and if anything is inter- 
posed between it and the sun its odour disappears, but is 
renewed as soon as the interference is removed,” 
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CHAPTER “XV. 
OF FLOWERLESS PLANTS. 


Very little can be said to be positively known of the manner 
in which the organs of flowerless plants perform what are 
supposed to be their functions. We are entirely ignorant of 
the manner in which the stems of those that are arborescent 
are developed, and of the course taken by their ascending and 
descending fluids, — if, indeed, in them there really exist 
currents similar to those of flowering plants; which may be 
doubted. We know not in what way the fertilising principle 
is communicated to the sporules, or reproductive grains; the use 
of the different kinds of reproductive matter found in most 
tribes is entirely concealed from us; it is even suspected that 
some of the simplest forms (of Algze and Fungi, at least) are 
the creatures of spontaneous growth; and, in fine, we seem to 
have discovered little that is positive about the vital actions of 
these plants, except that they are reproduced by their sporules, 
which differ from seeds in germinating from any part of their 
surface, instead of from two invariable points. Under these 
circumstances, it would be useless to dwell upon the subject: 
those who wish to make themselves acquainted with the 
speculations of botanists, are referred to the valuable writings 
of Hedwig on Mosses, of Hooker on Jungermanniz, of 
Fries on Fungi, of Agardh, Greville, and Bory de St. Vin- 
cent upon Algze, of Meyer upon Lichens, of Bischoff upon 
Equisetum, of Mirbel on Marchantia, of Martius and Mohl 
upon Ferns, &c.; and, finally, to the introduction to the 
Natural system of Botany by the author of the present work. 
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BOOK III. 


GLOSSOLOGY ; OR, OF THE TERMS USED IN BOTANY. 


Iw order to comprehend the language of botanists, it is ne- 
cessary that the unusual terms or words which are employed 
in writing upon the subject, and which are either different 
from words in vulgar use, or which are in botany employed in 
a particular sense, should be fully explained. 

It is a very common plan to mix up Glossology itl 
Organography, or to confound the definition and explanation of 
those characterestic terms of the science which are universally 
applicable, with the description of particular organs: but this 
plan is attended with many inconveniences, and is far less 
simple than to treat of the two separately. It was an error 
into which Linneeus fell, in composing his admirable Philo- 
sophia Botanica; and is the more remarkable, if the logical pre- 
cision with which that work is otherwise composed be con- 
sidered. Instead of distinguishing those terms which have a 
general application to all plants or parts of plants, according 
to circumstances, from such as have a particular application, 
and relate only to special modifications, he placed under 
his definition of each organ those terms which he knew to 
be applicable to it; but, as it was not his practice to repeat 
terms after they had been once explained, it frequently 
happened that beginners in the science, finding a given term 
explained once only, and with reference to a particular 
organ, fell into the mistake of supposing that that term 
was applicable only to the organ under which it was ex- 
plained. To avoid this difficulty, other botanists have col- 
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lected under each organ all the terms which could by 
possibility be applied to it, and have repeated them over and 
over again without regard to previous definitions; as if they 
supposed it impossible to convey by words an idea of the 
meaning of any term whatever, without noticing at length 
every possible application of it. ‘Thus, in Willdenow’s Prin- 
ciples of Botany, the most common and simple terms are 
repeated five, six, and even seven times; and in a more modern 
work, of very high character (Les Llémens de Physiologie 
Végétale et de Botanique, by Mirbel), the same practice has 
been carrried so far, that the application of the word simple is 
explained in twenty-three different instances. 

The true principles of arranging the glossology of science 
have, however, been long before the public. In the year 
1797, Link, in his Prodromus Philosophie Botanice, distin- 
guished the characteristic or common terms used in Botany 
from those which applied only to particular organs; and his 
example was afterwards followed by Illiger, a learned Ger- 
man naturalist, who, in the year 1810, proposed a total refor- 
mation of the method of describing the terms employed 
in Natural History (see his Versuch einer Systematischen 
vollstdndigen Terminologie fiir das Thierreich und Pflanzenreich). 
Little attention, however, was paid to the principles of these 
writers till the year 1813; when De Candolle adopted them 
in his Théorie Elémentaire de la Botanique, with his accustomed 
skill and sagacity. 

The characteristic terms of botany are those which have a 
general application to any or all the parts of plants, and must 
not be confounded with such as have a particular application 
only, which will be found under the organs to which they re- 
spectively belong : the former are either individual or collective ; 
of which the first apply to plants, or parts of plants, con- 
sidered abstractedly ; the second to plants, or their parts, 
considered in masses. To these are to be added those 
syllables and marks which, either prefixed or affixed to a 
known term, occasion an alteration in its signification. These 
I call terms of qualification. In the following arrangement, 
those terms which are seldom used are marked with a+; and 

BB 2 ; 


372 GLOSSOLOGY. BOOK Ill. 


those are entirely omitted which are used in Botany in their 
common acceptation. 


CHARACTERISTIC TERMS are either Inpivipvat or Coutecrive. 


Cuaracteristic [npivinvat Terms are either Agso.uTe or RELATIVE. 


Cuaracteristic Inpivipvat AxssoLuTe Terms relate to, — 


1. Figure. 
A. with respect to general form. 
B. outline. 
C. the apex or point. 


2. Division. 

A. With respect to the margin. 

B. incision. 

c composition or ramification. 
3. Surface. 

A. With respect to marking or evenness. 

B. appendages. 

C. polish. 
4. Texture. 
5. Size. 
6. Duration. 
7. Colour. 
8. Variegation. 
9. Veining. 
Cuaracteristic Inpivinuat Retative TerMs comprehend, — 
. Estivation. 
- Direction. 
- Insertion. 

A. with respect to the mode of attachment or of adhesion. 
B. situation. : 


On = 


CuaracteRistic CoLtLective Terms relate to, — 
- Arrangement. 
- Number. 


oO -_ 


Cuass I. Or InpivipvaL TERMs. 


Tue terms which are included in this class are applied to the 
parts of a plant considered by themselves, and not in masses : 
they are either absolute, being used with reference to their 
own individual quality; or relative, being employed to ex- 
press the relation which is borne by plants, or their parts, 
to some other body. ‘Thus, for example, when we say that a 
plant has a lateral ovate spike of flowers, the term Jateral is 
relative, being used to express the relation which the spike 
bears to the stem; and the term ovate is absolute, being 
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expressive of the actual form of the spike: and, again, in 
speaking of a rugose, terminal capsule, rugose is absolute, ter- 
minal is relative. | 


I. Of Individual Absolute Terms. 


These relate to figure, division, surface, texture, size, 
duration, colour, variegation, and veining. 


1. Of Figure. 


A. With respect to general form. 


1. Conical (conicus, + pyramidalis); having the figure of a 
true cone; as the prickles of some roses, the root of 
carrot, &c. Z 

2. Conoidal (conoideus); resembling a conical figure, but not 
truly one; as the calyx of Silene conoidea. 

3. Prism-shaped (prismaticus) ; having several longitudinal an- 
gles and intermediate flat faces; as the calyx of Frankenia 
pulverulenta. ; 

4. Globose (globosus, sphericus, + globulosus); forming nearly 
a true sphere; as the fruit of Ligustrum vulgare, many 
seeds, &c. 

5. Cylindrical (cylindricus); having nearly a true cylindrical 
figure ; as the stems of grasses, and of most monocotyledonous 
plants. 

6. Tubular (¢ubulosus, + tubulatus); approaching a cylindrical 
figure, and hollow; as the calyx of many Silenes, &c. 

7. Fistulous (fistulosus); this is said of a cylindrical or terete 
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body, which is hollow, but closed at each end, as the leaves 
and stems of the onion. | 

. Cubical (+ cubieus); having or approaching the form of a 

cube: a very rare form, chiefly occurring in some seeds, as 

that of Vicia lathyroides. 

Club-shaped (clavatus, + claviformis); gradually thickening 

upwards from very a taper base; as the appendages of 

the flower of Schwenkia, or the style of Campanula and 

Michauxia. 

10. Turbinate, or top-shaped (turbinatus) ; inversely conical, with 
a contraction towards the point, as the fruit of some roses. 

1]. Pear-shaped (pyriformis); differing from turbinate in being 
more elongated, as in many kinds of pears. 

12. + Tear-shaped (+ lachrymeformis) ; the same as pear-shaped, 
except that the sides of the inverted cone are not contracted ; 
as the seed of the apple. 

13. + Strombus-shaped ( + strombuliformis); twisted in a long 
spire, so as to resemble the convolutions of the shell calleda - 
Strombus; as the pod of Acacia strombulifera, or Medicago 

_ polymorpha. 

14. Spiral (spiralis) ; twisted like a corkscrew. 

15. Cochleate (cochleatus); twisted in a short spire, so as to 
resemble the convolutions of a snail-shell; as the pod of 
Medicago cochleata, the seed of Salicornia. 

16. Turnip-shaped (napiformis); having the figure of a de- 
pressed sphere; as the root of the turnip radish, &c. 

17. + Placenta-shaped (+ placentiformis); thick, round, and con- 
cave, both on the upper and lower surface; as the root of 
Cyclamen. 
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18. Lens-shaped (Jenticularis, lentiformis) ; resembling a double 


convex lens, as the seeds of Amaranthus. 


19. Buckler-shaped (scutatus, seutiformis), having the figure of 


20. 
- 2). 
22. 


23, 
24. 
| 25. 
26. 


27. 
28. 


29. 
30. 
SI. 
32. 
33. 


34. 


35. 


a small round buckler, as the scales upon the leaves of 

Elzagnus; lens-shaped, with an elevated rim. 

Bossed (umbonatus); round, with a projecting point in the 
centre, like the boss of an ancient shield, as the pileus of 
many species of Agaricus. 

Gibbous (gibbus, gibbosus); very convex or tumid, as the 
leaves of many succulent plants; properly speaking, this term 
should be restricted to solid convexities. 
t+ Melon-shaped (+ meloniformis) ; irregularly spherical, with 
projecting ribs; as the stem of Cactus melocactus: a bad 
term. 

Spheroidal (spheroideus); a solid with a spherical figure, a 
little depressed at each end. De Cand. 

Ellipsoidal (edlipsoideus); a solid with an elliptical figure. 
De Cand. 

Ovoidal (ovordeus) ; a solid with an ovate figure, or resembling 
anegg. De Cand. 

Shield-shaped (clypeatus); in the form of an ancient buckler 
the same as scutate, No. 19. 

Spindle-shaped (fusiformis, +fusinus); thick, tapering to 
each end; as the root of the long radish. Sometimes conical 
roots are called fusiform, but improperly. 

Terete, or taper (teres); the opposite of angular ; usually em- 
ployed in contradistinction to that term, when speaking of long 
bodies. Many stems are terete. 

Half terete (semiteres); flat on one side, terete on the 
other. 

Compressed (compressus) ; flattened lengthwise, as the pod 
of a pea. 

Depressed (depressus) ; flattened vertically, as the root of a 
turnip. 

Plane (planus); a perfectly level or flat surface,as that of 
many leaves. | 
Cushioned (pulvinatus) ; convex, or rather flattened: seldom 
used. 

Discoidal (discoideus); orbicular, with some perceptible 
thickness, parallel faces, and a rounded border; as the fruit of 
Strychnos Nux-vomica. 

Curved (arcuatus, curvatus) ; bent, but so as to represent the 
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36. 


a7. 


38. 


39; 


40. 


4:2. 


43. 


oa4,: 


GLOSSOLOGY. BOOK III. 


arc of a circle; as the fruit of Astragalus hamosus, Medicago 
falcata, &c. . . 
Scimitar-shaped (acinaciformis) ; curved, fleshy, plane on the 
two sides, the concave border thick, the convex border thin ; 
as the leaves of Mesembryanthemum acinaciforme. 
Axe-shaped (dolabriformis); fleshy, nearly straight, some- 
what terete at the base, compressed towards the upper end; 
one border thick and straight, the other enlarged, convex, 
and thin; as the leaves of Mesembryanthemum dolabri- 
forme. 

Falcate (falcatus); plane and curved, with parallel edges, 
like the blade of a reaper’s sickle; as the pod of Medicago 
falcata: any degree of curvature, with parallel edges, re- 
ceives this name. 

Tongue-shaped (linguiformis) ; long, fleshy, plain convex, 
obtuse ; as the leaves of Sempervivum tectorum, and some 
aloes. 

Angular (angulosus); having projecting longitudinal angles. 
We say obtuse-angled when the angles are rounded, as in the 
stem of Salvia pratensis; and acute-angled when they are 
sharp, as in many Carices. Some call these angles the 
aces, 


. Three-cornered (¢rigonus); having three longitudinal angles 


and three plain faces, as the stem of Carex acuta. 


Three-edged (triangularis, triqueter); having three acute 
angles with concave faces, as the stems of many plants; 
generally used as a synonyme of trigonus. 

Two-edged (anceps) ; compressed, with two sharp edges, as 
the stem of an Iris. 

Keeled (carinatus); formed in the manner of the keel of 
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46. 


47. 


48. 


49, 


50. 


— 
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52. 


53. 


54, 


55. 


56. 


‘ST. 


a boat; that is to say, with a sharp projecting ridge, aris- 
ing from a flat or concave central rib, as the glumes of 
grasses. 

Channelled (canaliculatus); long and concave, so as to re- 
semble a gutter or channel; as the leaves of Lygeum Spar- 
tum, Tradescantia virginica, &c. 

Boat-shaped (cymbiformis, navicularis) ; having the figure of 
a boat in miniature; that is to say, concave, tapering to each 
end, with a keel externally, as the glumes of Phalaris cana- 
riensis: scarcely different from 44. 

Whip-shaped ( flagelliformis) ; long, taper, and supple, like 
the thong of a whip; as the stem of Vinca, and of many 
plants. This term is confined to stems and roots. 
Rope-shaped (funalis, + funiliformis); formed of coarse 
fibres resembling cords, as the roots of Pandanus, and other 
arborescent monocotyledons. Mirbel. 

Thread-shaped (filiformis); slender like a thread, as the 
filaments of most plants, and the styles of many. 

Hair-shaped (capillaris) ; the same as filiform, but more de- 
licate, so as to resemble a hair; it is also applied to the fine 
ramifications of the inflorescence of some plants, as grasses. 


. Necklace-shaped (moniliformis, + nodosus, Mirb.) ; cylin- 


drical or terete, and contracted at regular intervals; as the 
pods of Sophora japonica, Ornithopus perpusillus, &c., the 
hairs of Dicksonia arborescens, &c. 

Worm-shaped (vermicularis); thick, and almost cylindrical, 
but bent in different places; as the roots of Polygonum Bis- 
torta. Willd. 

Knotted (torulosus); a cylindrical body, uneven in surface, 
as the pod of Chelidonium: this is very nearly the same as 
moniliform. 

Trumpet-shaped (tubeformis, tubatus); hollow, and dilated 
at one extremity, like the end of a trumpet, De Cand.; as the 
corolla of Caprifolium sempervirens. 

Horned (cornatus, corniculatus); terminating in a process 
resembling a horn, as the fruit of Trapa bicornis. If there 
are two horns, the word bzcornis is used; if three, tricornis ; 
and so on. 

Beaked (proboscideus) ; having a hard terminal horn, as the 
fruit of Martynia. 

Crested (cristatus); having an elevated, irregular, or notched 
ridge, resembling the crest of a helmet. This term is chiefly 
applied to seeds, and to the appendages of the anthers of 
some Erice; such as E. triflora and comosa. 


58. 


59. 


60. 
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62. 


63. 


64. 


66. 


67. 
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Petal-like (petaloideus); having the colour and texture of a 
petal ; as one lobe of the calyx of Musszenda, the bractez of 
many plants, the stamen of Canna, the stigmata of Iris. 
Leaf-like (foliaceous, + foliiformis, + phylloideus); having the 
texture or form of a leaf; as the lobes of the calyx of Rosa, 
the apex of the fruit of Fraxinus, the persistent petals of 
Melanorhea. 

Winged (alatus) ; having a thin broad margin; as the fruit of 
Paliurus australis, the seed of Malcomia, Bignonia, &c. In 
composition péerus is used; as dipterus for two-winged, trip- 
terus for three-winged, tetrapterus for four-winged, &c. ; pe- 
ripterus when the wing surrounds any thing; epipterus when 
it terminates. 

+ Mill-sail-shaped (+ molendinaceus) ; having many wings pro- 
jecting from a convex surface; as the fruit of some umbelliferous 
plants, and of Moringa. 

+Knob-like (+ gongylodes); having an irregular, roundish 
figure. 

Halved (dimidiatus); only half, or partially formed. A leaf 
is called dimidiate when one side only is perfect; an anther 
when one lobe only is perfect; and so on. 

Fan-shaped (flabelliformis) ; plaited like the rays of a fan; 
as the leaf of Borassus flabelliformis. 


. Grumous (grumosus); in form of little clustered grains, as 


the root of Neottia Nidus-avis, Mirb.; rather as the fecula in 
the stem of the Sago palm. 

+ Testicular (+¢esticulatus) ; having the figure of two oblong 
bodies, as the roots of Orchis mascula. 

Ringent, or personate (ringens, personatus) ; a term applied 
to a monopetalous corolla, the limb of which is unequally 
divided ; the upper division, or lip, being arched ; the lower 
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72. 


13. 


74. 


prominent, and pressed against it, so that when compressed, 
the whole resembles the mouth of a gaping animal; as the 
corolla of Antirrhinum. 

Labiate (labiatus); a term applied to a monopetalous calyx 
or corolla, which is separated into two unequal divisions; the 
one anterior, and the other posterior with respect to the axis: 
hence bilabiate is more commonly used than labiate. Salvia, 
and many other plants, afford examples. It is often employed 
instead of ringent. 

Wheel-shaped (rotatus); a calyx or corolla, or other organ, 
of which the tube is very short, and the segments spreading ; 
as the corolla of Veronica and Galium. 

Silver-shaped (hypocrateriformis) ; a calyx or corolla, or other 
organ, of which the tube is long and slender, and the limb 
flat ; as in Phlox. 

Funnel-shaped (infundibularis, infundibuliformis) ; a calyx or 
corolla, or other organ, in which the tube is obconical, gradually 
enlarging upwards into the limb, so that the whole resembles 
a funnel; as the corolla of Nicotiana. 

Bell-shaped (campanulatus, + campanaceus, feampaniformis) ; 
a calyx, corolla, or other organ, in which the tube is inflated, 
and gradually enlarged into a limb, the base not being conical ; 
as the corolla of Campanula. 

Pitcher-shaped (urceolatus); the same as campanulate, but 
more contracted at the orifice, with an erect Tnnb; as the 
corolla of Vaccinium myrtillus. 

Cup-shaped (cyathiformis); the same as pitcher-shaped, but 
not contracted at the margin ; the whole resembling a drinking 
cup; as the limb of the corolla of Symphytum. 


75. + Cupola-shaped (+ cupuliformis); slightly concave, with a 
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nearly entire margin; as the calyx of Citrus, or the cup of 
an acorn. 

76. Kneepan-shaped ( patelliformis); broad, round, thick; con- 
vex on the lower surface, concave on the other: the same as 
meniscoideus, but thicker. The embryo of Flagellaria indica 
is patelliform. 


77. + Pulley-shaped (+¢rochlearis); circular, compressed, con- 
tracted in the middle of its circumference, so as to resemble a 
pulley ; as the embryo of Commelina communis. 

78. Scutelliform (scutelliformis) ; the same as patelliform, but oval ; 
not round, as the embryo of grapes. 

79. Brush-shaped (+ muscariformis); formed like a brush or 
broom ; that is to say, furnished with long hairs towards one 
end of a slender body, as the style and stigma of many Com- 
posite. 

80. Acetabuliform ( acetabuliformis, + acetabuleus) ; concave, 
depressed, round, with the border a little turned inwards ; as 
the fruit of some lichens. 

81. + Goblet-shaped (+ crateriformis); concave, hemispherical, a 
little contracted at the base ; as some Pezizas. 

82. + Cotyliform (+ cotyliform) ; resembling rotate, but with an 
erect limb. 

83. + Poculiform (+ poculiformis) ; cup-shaped, with a hemispheri- 
cal base and an upright limb; nearly the same as cam- 
panulate. 

84. +Pouch-shaped (+ scrotiformis); hollow, and resembling a 
little double bag ; as the spur of many Orchises. 

85. + Foxglove-shaped (+ digitaliformis); like campanulate, but 
longer, and irregular; as the corolla of Digitalis. 
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86. 


87. 


88. 


89. 


93. 


94. 


+ Vase-shaped (+ vascularis); formed like a flower-pot ; that 
is to say, resembling an inverted truncate cone. 

{+ Tapeworm-shaped (+ ¢enianus); long, cylindrical, con- 
tracted in various places, in the manner of the tapeworm. 

+ Sausage-shaped (+ botuliformis) ; long, cylindrical, hollow, 
curved inwards at each end; as the corolla of some Ericas. 

+ Umbrella-shaped (+ wmbraculiformis) ; resembling an ex- 
panded umbrella; that is to say, hemispherical and convex, 
with rays, or plaits, proceeding from a common centre; as the 
stigma of poppy. 

+ Meniscoid (+ meniscordeus) ; thin, concavo-convex, and he- 
mispherical, resembling a watch-glass. 


. Mushroom-headed ( fungiformis, fungilliformis) ; cylindrical, 


having a rounded, convex, overhanging extremity; as the 
embryo of some monocotyledonous plants, as Musa. 


. t Nave-shaped (+ modioliformis); hollow, round, depressed, 


with a very narrow orifice ; as the ripe fruit of Gaultheria. 
Hooded (eucullatus) ; a plane body, the apex or sides of which 
are curved inwards, so as to resemble the point of a slipper, or 
a hood ; as the leaves of Pelargonium cucullatum, the spatha 
of Arum, the labellum of Pharus. 

+ Saddle-shaped (selleformis) ; oblong, with the sides hanging 
down, like the laps of a saddle; as the labellum of Cateleya 
Loddigesii. 


. Turgid (turgidus); slightly swelling. 


Bladdery (inflatus) ; thin, membranous, slightly transparent, 
swelling equally, as if inflated with air; as the calyx of Ca- 
cubalus. 
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97. Bellying (ventricosus) ; swelling unequally on one side, as the 
corolla of many labiate and personate plants. 
98. Regular (regularis) ; in which all the parts are symmetrical : 
a rotate corolla is regular; the flower of a cherry is regular. 
99. Irregular (zrregularis) ; in which symmetry is destroyed by 
some inequality of parts; a labiate corolla, the flower of the 
horse-chesnut, and the violet, are irregular. 
100. Abnormal (abnormis) ; in which some departure takes place 
from the ordinary structure of the family or genus to which 
a given plant belongs. Thus, Nicotiana multivalvis, in which 
the ovarium has many cells instead of two, is unusual or 
abnormal. 
101. Normal (normalis) ; in which the ordinary structure pecu- 
liar to the family or genus of a given plant is in nowise 
departed from. 


B. With respect to outline. 


\ 


5 13 14 12 
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1. Outline (ambitus, circumscriptio) ; the figure represented by 

the margin of a body. 

2. Linear (linearis) ; narrow, short, with the two opposite mar- 
gins parallel; as the leaf of the Taxus. 

3. + Band-shaped (+ fasciarius) ; narrow, very long, with the two 
opposite margins parallel; as the leaves of Zostera marina. 

4. Strap-shaped (ligulatus, loratus), narrow, moderately long, 
with the two opposite margins parallel; as the leaves of 
Amaryllis equestris. 

5. Lanceolate (lanceolatus) ; narrowly elliptical, tapering to each 
end; as the leaf of Plantago lanceolata, Daphne meze- 
reum, &c. 
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6. Oblong (oblongus) ; elliptical, obtuse at each end; as the 
leaf of the hazel. 

7. Oval (ovalis, ellipticus); elliptical, acute at each sae as the 
leaf of Cornus sanguinea. 

8. Ovate, or + egg-shaped (ovatus) ; oblong or elliptical, broadest 
at the lower end, so as to resemble the longitudinal section 
of an egg; as the leaf of Stellaria media. 

9. Orbicular (orbicularis); perfectly circular, as the leaf of Co- 
tyledon orbiculare. 

10. Roundish (rotundus, subrotundus, rotundatus) ; orbicular, a 
little inclining to be oblong; as the leaf of Lysimachia num- 
mularia, Mentha rotundifolia. 

11. Spatulate (spatulatus); oblong, with the lower end very 
much attenuated, so that the whole resembles a chemist’s 
spatula; as the leaf of Bellis perennis. 

12, Wedge-shaped (cuneatus, cuneiformis, + cunearius) ; inversely 
triangular, with rounded angles; as the leaf of Saxifraga 
tridentata. 

13, Awl-shaped (subulatus) ; linear, very narrow, tapering into a 
very fine point from a broadish base; as the leaves of Arena- 
ria tenuifolia, Ulex europzus. 

14. Needle-shaped (acerosus); linear, rigid, tapering into a fine 
point from a narrow base; as the leaves of Juniperus; 4 com- 
munis. 


17 21 
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15. Sword-shaped (ensiformis, gladiatus) ; lorate, quite straight, 
with the point acute ; as the leaf of an Iris. 

16. + Parabolical (+ parabolicus); between ovate and _ ellip- 
tical, the apex being obtuse; as the leaf of amomanshus 
Blitum. 
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17. Rhomboid (rhombeus, rhomboideus); oval, a little angular in 
the middle; as the leaf of Hibiscus rhombifolius. 

18. Deltoid (deltoides) ; a solid, the transverse section of which 
has a triangular outline, like the Greek A; as the leaf of 
Mesembryanthemum deltoideum. 

19. Triangular (triangularis) ; having the figure of a triangle of 
any kind ; as the leaf of Betula alba. 

20. Trapeziform (trapeziformis, trapezoideus) ; having four edges, 
those which are opposite not being parallel; as the leaf of 
Adiantum trapeziforme, Populus nigra. 

21. Heart-shaped (cordatus, cordiformis); having two round 
lobes at the base, the whole resembling the heart in a pack 
of cards; as the leaf of Alnus cordifolia. 

22. Eared (auriculatus) ; having two small rounded lobes at the 
base; as the leaf of Salvia officinalis. 

23. Crescent-shaped (lunatus, lunulatus, + semilunatus) ; resem- 
bling the figure of the crescent; as the glandular apex of the 
involucral leaves of many Euphorbias. 

24. Kidney-shaped (reniformis, + renarius) ; resembling the figure 
of a kidney; that is to say, crescent-shaped, with the ends 
rounded ; as the leaf of Asarum europzum. 

25. Arrow-headed (sagittatus); gradually enlarged at the base 
into two acute straight lobes, like the head of an arrow; as 
the leaf of Rumex acetosella. 


26 27 28 


26. Halbert-headed (hastatus); abruptly enlarged at the base 
into two acute diverging lobes, like the head of an halbert ; 
as the leaf of Arum maculatum. 

27. Fiddle-shaped (panduratus, panduriformis); obovate, with a 
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28. 
_ several sinuses on each side, which gradually diminish in size 
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deep recess or sinus on each side; as the leaves of Rumex 


pulcher. 
Lyre-shaped (/yratus); the same as panduriform, but with 


to the base ; as the leaf of Geum urbanum, Raphanus Rapha- 
nistrum. 

Runcinate, or hook-backed (runcinatus); curved in a direc- 
tion from the apex to the base; as the leaf of Leontodon 
Taraxacum. 

Tapering (attenuwatus) ; gradually diminishing in breadth. 
Wavy (undulatus); having an uneven, alternately convex 
and concave margin, as the holly leaf. 

Equal (@qualis); when both sides of a figure are symmetri- 
cal; as the leaf of an apple. 

Unequal (irequalis) ; when the two sides of a figure are not 
symmetrical ; as the leaf of Begonia. 

Equal-sided (equilaterus) ; the same as equal. 

Unequal-sided (inequilaterus) ; the same as unequal. 
Oblique (obliguus); when the degree of inequality in the 
two sides is slight. 

Halved (dimidiatus); when the degree of inequality is so 
great that one half of the figure is either wholly or nearly 
wanting ; as the leaf of many Bryonias. 


C. With respect to the apex, or point. 
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1. Awned (aristatus) ; abruptly terminated in a hard, straight, 


=] 


10. 


ak 


14. 


15. 


subulate point of various lengths; as the paleze of grasses. 
The arista is always a continuation of the costa, and some- 
times separates from the lamina below the apex. 

Mucronate (mucronatus) ; abruptly terminated by a hard, short 
point ; as the leaf of Statice mucronata. 

Cuspidate (cuspidatus); tapering gradually into a rigid point. 
It is also used sometimes to express abruptly acuminate; as 
the leaf of many Rubi. 


. Cirrhous (cirrhosus, apice circinatus ); terminated by a spiral or 


flexuose, filiform appendage ; as the leaf of Gloriosa superba. 
This is due to an elongation of a costa. 


- Pungent (pungens); terminating gradually in a hard, sharp, 


point; as the leaves of Ruscus aculeatus. 
. Bristle-pointed (setosus, + setiger) ; terminating gradually ina 
very fine, sharp point ; as the leaves of many mosses. 


. Hair-pointed (piliferus) ; terminating in a very fine, weak 


point; as the leaves of many mosses. 


- Pointletted (apiculatus); terminating abruptly in a little 


point; differing from mucronate in the point being part of 
the limb, and not arising wholly from a costa. 


- Hooked (uncinatus, + uncatus); curved suddenly back at the 


point ; as the leaves of Mesembryanthemum uncinatum. 
Beaked (rostratus, rostellatus); terminating gradually in a 
hard, long, straight point; as the pod of radish. 


. Acute, or sharp-pointed (acutus); terminating at once ina 


point, not abruptly, but without tapering in any degree; as 
any lanceolate leaf. 


. Taper-pointed (acuminatus); terminating very gradually in a 


point ; as the leaf of Salix alba. 
+ Acuminose (+ acuminosus) ; terminating gradually in a flat, 
narrow end. 
Tail-pointed (caudatus) ; excessively acuminated, so that the 
point is long and weak, like the tail of some animal ; as 
the calyx of Aristolochia trilobata, the petals of Brassia 
caudata. 
Blunt (obtusus); terminating gradually in a rounded end; as 
the leaf of Berberis vulgaris. 
. Blunt with a point (obtusus cum acumine) ; terminating ab- 
ruptly in a round end, the middle of which is suddenly length- 
ened into a point ; as the leaf of many Rubi. 


17. Retuse (refusus); terminating in a round end, the centre of 


which is depressed ; as the leaf of Vaccinium Vitis Idea. 
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18. Emarginate (emarginatus) ; having a notch at the end, as ifa 
piece had been taken out; as the leaf of Buxus sempervirens. 

19. + Accisus ; when the end has an acute sinus between two 
rounded angles. Link. 

20. Truncate (éruncatus) ; terminating very abruptly, as if a piece 
had been cut off; as the leaf of Liriodendron tulipifera. 

21. Bitten (premorsus, + succisus) ; the same as truncate, except 
that the termination is ragged and irregular, as if bitten off : 
the term is generally applied to roots ; the leaf of Caryota urens 
is another instance. 

22. + Dedaleous (+ dedaleus) ; when the point has a large circuit, 
but is truncated and rugged. W. 

23. Trident-pointed (tridentatus); when the point is truncated, 
and has three indentations (W.); as Saxifraga tridentata, 
Potentilla tridentata. 

24. Headed (capitatus); suddenly much thicker at the point than 
in any other part: a term confined to cylindrical or terete 
bodies; as Mucor, glandular hairs, &c. 

25. Lamellar (lamellatus, lamellosus); having two little plates at 
the point, as the style of many plants. 

26. + Blunt (+ hebetatus, De Cand.) ; having a soft, obtuse termin- 
ation. 

27. Pointless (muticus). This term is employed only in con- 
tradistinction to some other that indicates being pointed ; 
thus, if, in contrasting two things, one was said to be mu- 
cronate, the other, if it had not a mucro, would be called 
pointless; and the same term would be equally employed in 
contrast with cuspidate or aristate, or any such. It is also 
used absolutely. ; 


2*. Of Division. 
A. With respect to the margin. 
3 4 5 
NOW ALO ON GW DAIWA I 
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1. Entire (integer); properly speaking, this means having no 
kind of marginal division ; but sometimes it has been used to 
indicate not pinnatifid, and also nearly destitute of marginal 
division.. 
2. Quite entire (integerrimus) ; perfectly free from division of the 
margin. 
ce. 2 
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Crenated (crenatus) ; having convex teeth. When these teeth 
are themselves crenated, we say bicrenate. 

Sawed (serratus); having sharp, straight-edged teeth pointing 
to the apex. When these teeth are themselves serrate, we 
say biserrate, or duplicato-serrate. 

Toothed (dentatus) ; having sharp teeth with concave edges. 
When these teeth are themselves toothed, we say duplicato- 
dentate, or doubly toothed, but not bidentate, which means 
two-toothed. 


. Gnawed (erosus); having the margin irregularly toothed, as 


if bitten by some animal. 


- Curled (erispus) ; having the margin excessively irregularly 


divided and twisted; as in many varieties of the garden 
endive, Mentha crispa, Ulmus cucullata. 


. Repand (repandus, + sinuolatus) ; having an uneven, slightly 


sinuous margin ; as the leaf of Solanum nigrum. 

Angular (angulatus, angulosus) ; having several salient angles 
on the margin ; as the leaf of Datura Stramonium. 

Sinuate (sinuatus); having the margin uneven, alternately 
with deep concavities and convexities ; as the leaf of Quercus 
robur. 


B. With respect to incision. 
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Torn (lacerus) ; irregularly divided by deep incisions. 

Cut (ncisus) ; regularly divided by deep incisions. 

Slashed (laciniatus); divided by deep, taper-pointed, cut 
incisions. 

Squarrose-slashed (squarroso-laciniatus) ; slashed with minor 
divisions at right angles with the others. 

Lobed (lobatus); partly divided into a determinate number of 
segments. We say bilobus, two-lobed, as in the leaf of Bau- 
hinia porrecta ; ¢rilobus, three-lobed, as in the leaf of Ane- 
mone hepatica; and so on. 

Split (jissus) ; divided nearly to the base into a determinate 
number of segments. We say bifidus, split in two; trifidus, 
in three; as in the leaf of Teucrium chamepitys; and so on. 
When the segments are very numerous, multifidus is used. 
Parted (partitus); divided into a determinate number of 
segments, which extend nearly to the base of the part to 
which they belong. We say bipartitus, parted in two; ¢ri- 
partitus, in three ; and so on. 

Palmate (palmatus) ; having five lobes, the midribs of which 
meet in a common point, so that the whole bears some re- 
semblance to a human hand; as the leaf of Passiflora 
ceerulea. 


. Pedate (pedatus’); the same as palmate, except that the two 


lateral lobes are themselves divided into smaller segments, 
the midribs of which do not directly run into the same point 
as the rest; as the leaf of Arum dracunculus, Helleborus 
niger, &c. 


Fingered (digitatus); the same as palmate, but the segments 
less spreading, and narrower. 

Pinnatifid (pinnatifidus, pennatipartitus, pinnaticisus) ; di- 
vided almost to the axis into lateral segments, something in 
the way of the side divisions of a feather; as Polypodium 
vulgare. M. De Candolle distinguishes several modifications 
of pinnatifidus : — 1. Pinnatifidus, when the lobes are divided 

CL°5 
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down to half the breadth of the leaf; 2. pinnatipartitus, 
when the lobes pass beyond the middle, and the parenchyma 
is not interrupted; 3. pinnatisectus, when the lobes are di- 
vided down to the midrib, and the parenchyma is interrupted ; 
4. pinnatilobatus, when the lobes are divided to an uncertain 
depth: dyrate and the like belong to this modification. He 
has similar variations of palmatus and pedatus ; viz. palmati- 

Jidus, palmatipartitus, palmatisectus, palmatilobatus ; and peda- 
tifidus, pedatipartitus, pedatisectus, and pedatilobatus. 

12. Comb-shaped (pectinatus) ; the same as pinnatifid ; but the 
segments very numerous, close, and narrow, like the teeth 
of a comb; as the leaf of Lavandula dentata, all Mer- 
tensias. 


C. With respect to composition or ramification. 


1. Simple (simplex) ; scarcely divided or branched at all. 

2. Quite simple (simplicissimus); not divided or branched 
at all. 

3. Compound (compositus) ; having various divisions or ramifi- 
cations. As compared with the two following, it applies to 
cases of leaves in which the petiole is not divided ; as in the 
orange. 

4. Decompound (decompositus) ; having various compound divi- 
sions or ramifications. In leaves it is applied to those the 
petiole of which bears secondary petioles; as in the leaf of 
Mimosa purpurea. 
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5. Supradecompound (supradecompositus); having various de- 
compound divisions or ramifications. In leaves it is applied 
to such as have the primary petiole divided into secondary 
ones, and the secondary into a third set; as in the leaf of 
Daucus Carota. 

6. + Bifoliolate (+ bifoliolatus, binatus); when in leaves the com- 
mon petiole is terminated by two leaflets growing from the 
same point; as in Zygophyllum Fabago. This term has the 
same application as unijugus and conjugatus. We say trifo- 
liolate, or ternate, when the petiole bears three leaflets from 
the same point; as in Menyanthes trifoliata ; + guadrifoliolate, 
if there are four from the same point, as in Marsilea quadri- 
folia; and guinquefoliolate or quinate, if there are five from 
the same point, as in Potentilla reptans ; and so on. 

7. + Vertebrate (+ vertebratus) ; when the leaf is contracted at 
intervals, there being an articulation at each contraction ; as 
in Cussonia spicata. Mirb. 

8. Pinnate (pinnatus); when simple leaflets are arranged on 
each side a common petiole; as in Polypodium vulgare. 

9. Pinnate with an odd one (¢mpari-pinnatus) ; when the petiole 
is terminated by a single leaflet or tendril; as in Pyrus aucu- 
paria. If there is a tendril, as in the pea, it is called 
cirrhose. 

10. Equally pinnate ( pari-pinnatus, abrupté pinnatus) ; when the 
petiole is terminated by neither leaflet nor tendril, as Orobus 
tuberosus. 

11. + Alternately pinnate (+ alternatim pinnatus) ; when the leaf- 
lets are alternate upon a common petiole; as in Potentilla 
rupestris. Marb. 

12. Interruptedly pinnate (interrupte pinnatus) ; when the leaflets 
are alternately small and large, as in the potato. 

13. + Decreasingly pinnate (+decrescenté pinnatus); when the 
leaflets diminish insensibly in size from the base of the leaf 
to its apex; as in Vicia Sepium. Mird. 

14. +Decursively pinnate (+ decursivé pinnatus) ; when the petiole 
is winged by the elongation of the base of the leaflets; as in 
Melianthus. Morb. This is hardly different from pinnatifid. 

15. Digitato-pinnate (digitato-pinnatus); when the secondary 

_ petioles, on the sides of which the leaflets are attached, part 
from the summit of a common petiole. Mirb. 

16. Twin digitato-pinnate (bidigitato-pinnatus, biconjugato-pin- 
natus); the secondary petioles, on the sides of which the 
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20. 


21. 
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24. 


25. 


26. 
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leaflets are arranged, proceed in twos from the summit of a 
common petiole; as in Mimosa purpurea. Mirb. 

Bigeminate (bigeminatus, biconjugatus); when each of two 
two secondary petioles bears a pair of leaflets; as in Mimosa 
unguis Cati. Mirb. 

Tergeminate (tergeminus, + tergeminatus); when each of two 
secondary petioles bears towards its summit one pair of 
leaflets, and the common petiole bears a third pair at the 
origin of the two secondary petioles; as in Mimosa tergemina. 
Mirb. 

Thrice digitato-pinnate (+ tridigitato-pinnatus, ternato-pin- 
natus); when the secondary petioles, on the sides of which 
the leaflets are attached, proceed in threes from the summit 
of a common petiole; as in Hoffmannseggia. Mirb. 

+ Quadridigitato-pinnatus, as in Mimosa pudica, and + Mul- 
tidigitato-pinnatus, are rarely used, but are obvious modi- 
fications of the last. 

Bipinnate (d¢pinnatus, + duplicato-pinnatus) ; when the leaflets 
of a pinnate leaf become themselves pinnate; as in Mimosa 
Julibrissin, Fumaria officinalis, &c. 

Biternate (biternatus, + duplicato-ternatus); when three 
secondary petioles proceed from the common petiole, and 
each bears three leaflets; as in Fumaria bulbosa, By 7 
Ostruthium, &c. Mirb. 

Triternate (triternatus); when the common petiole divides 
into three secondary petioles, which are each subdivided into 
three tertiary petioles, each of which bears three leaflets; as 
the leaf of Epimedium alpinum. 

Tripinnate (tripinnatus); when the leaflets of a bipinnate 
leaf become themselves pinnate; as in Thalictrum minus, or 
CEnanthe Pheilandrium. 

Paired (conjugatus, unijugus, + unijugatus) ; when the petiole 
of a pinnated leaf bears one pair of leaflets; as Zygophyllum 
Fabago. Bijugus is when it bears two pairs; as in Mimosa 
fagifolia: trijugus, quadrijugus, quinquejugus, &c. are also 
employed when required. Multijugus is used when the num- 
ber of pairs becomes very considerable; as in Orobus sylva- 
ticus, Astragalus glycyphyllus. 

Branched (ramosus); divided into many branches: if the 
divisions are small, we say ramulosus. 

Somewhat branched (swbramosus) ; having a slight tendency 
to branch. 
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28. Excurrent (excurrens) ; in which the axis remains always in 
the centre, all the other parts being regularly disposed round 
it; as the stem of Pinus Abies. . 

29. Much-branched (ramosissimus); branched in a great de- 
gree. . 

30. + Disappearing (+ deliguescens); branched, but so dividec 
that the principal axis is lost trace of in the ramifications ; as 
the head of an oak tree. 

31. Dichotomous (dichotomus) ; having the divisions always in 
pairs ; as the branches and inflorescence of Stellaria holostea : 
if they are in threes, we say trichotomus ; as the stem of 
Mirabilis Jalapa. 

32. Twin (didymus) ; growing in pairs, or divided into two equal 
parts ; as the fruit of Galium. 

33. Forked (furcatus); having long terminal lobes, like the 
prongs of a fork ; as Ophioglossum pendulum. 

34. Stellate (stellatus); divided into segments, radiating from a 
common centre ; as the hairs of most malvaceous plants. 

35, Jointed (articulatus); falling in pieces at the joints, or 
separating readily at the joints; as the pods of Ornithopus, the 
leaflets of Guilandina Bonduc: it is also applied to bodies having 
the appearance of being jointed; as the stem and leaves of 
Juncus articulatus. 

36. Granular (granulatus) ; divided into little knobs or knots; as 
the roots of Saxifraga granulata. 

37. + Byssaceous (+ byssaceus) ; divided into very fine pieces, like 
wool; as the roots of some Agarics. 
38. + Tree-like (+dendroides) ; divided at the top into a number 
of fine ramifications, so as to resemble the head of a tree; as 

Lycopodium dendroideum. 

39. Brush-shaped (+ aspergilliformis); divided into several fine 
ramifications, so as to resemble the brush (aspergillus) used 
for sprinkling holy water in the ceremonies of the Catholic 
Church ; as the stigmas of grasses. 
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Partitioned (loculosus, + septatus, + phragmiger); divided by 
internal partitions into cells; as the pith of the plant that 
produces the Chinese rice-paper. This is never applied to 
fruits. | 
Anastomosing (anastomozans) ; the ramifications of any thing 
which are united at the points where they come in contact are 
said to anastomose. ‘The term is confined to veins. 

Ruminate (ruminatus); when a hard body is pierced in 
various directions by narrow cavities filled with dry cellular 
matter; as the albumen of the nutmeg, and the Anona. 


. t Cancellate (+ cancellatus); when the parenchyma is wholly 


absent, and the veins alone remain, anastomosing and form- 
ing a kind of network; as the leaves of Hydrogeton fenes- 
tralis. 

Perforated (pertusus); when irregular spaces are left open in 
the surface of any thing, so that it is pierced with holes; as 
the leaves of Dracontium pertusum. 


3*. Of Surface. 


A. With respect to marking, or evenness. 


i. 


2. 


Rugose (rugosus) ; covered with reticulated lines, the spaces 
between which are convex; as the leaves of sage. 

Netted (reticulatus); covered with reticulated lines which 
project a little; as the under surface of the leaves of most 
Melastomas, the seeds of Geranium rotundifolium. 


. + Half-netted (+ semireticulatus); when, of several layers of 


any thing, the outer one only is reticulated; as in the roots 
of Gladiolus communis. 


. Pitted (scrobiculatus); having numerous small shallow de- 


pressions or excavations; as the seed of Datisca cannabina, 
Passiflora, &c. 


. Lacunose (Jacunosus) ; having numerous large, deep depres- 


sions or excavations. 


. Honeycombed (favosus, alveolatus) ; excavated in the man- 


ner of a section of honeycomb; as the receptacle of many 
Composite, the seeds of Papaver. 
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7. + Areolate (+ areolatus) ; divided into a number of irregular 
squares or angular spaces. 

8. Scarred (cicatrisatus) ; marked by the scars left by bodies that 
have fallen off: the stem, for instance, is scarred by the leaves 
that have fallen. 

- 9. Ringed (annulatus); surrounded by elevated or depressed 
bands; as the roots of some plants, the cupule of several 
oaks, &c. 

10. Striated (striatus); marked by longitudinal lines; as the 
petals of Geranium striatum. 

11. Lined (ineatus) ; the same as striatus. 

12. Furrowed (sulcatus); marked by longitudinal channels; as 
the stem of Conium, of the parsnep, of Spirzea Ulmaria, &c. 
13. + Aciculated (aciculatus); marked with very fine irregular 

streaks, as if produced by the point of a needle. 

14. Dotted (punctatus); covered by minute impressions, as if 
made by the point of a pin; as the seed of Anagallis arvensis, 
Geranium pratense. 

15. Even (@quatus); the reverse of any thing expressive of 
inequality of surface. 


B. With respect to appendages or superficial processes. 
2 3 4 5 10 


SRR iy 
ce 


i 


1, Unarmed (inermis); destitute of any kind of spines or 
prickles. 

2. Spiny (spinosus); furnished with spines, as the branches of 
Crateegus Oxyacantha. 

3. Prickly (aculeatus) ; furnished with prickles, as the stem of a 
rose. 

4. Bristly (echinatus); furnished with numerous rigid hairs, or 
straight prickles ; as the fruit of Castanea vesca. 
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5. Muricated (muricatus); furnished with numerous short, hard 
excrescences ; as the fruit of the Arbutus Unedo. 

6. Spiculate (+ spiculatus) ; covered with fine fleshy, erect 
points. 

7. Rough (scaber, asper, exasperatus); covered with hard, short, 
rigid points ; as the leaves of Borago officinalis. 

8. Roughish (scabridus) ; slightly covered with short, hardish 
points ; as the leaf of Thymus Acinos. 

9. Tubercled (tuberculatus, verrucosus); covered with little ex- 
crescences or warts; as the stem of Cotyledon ipiicmri rs 
the leaf of Aloe margaritifera. 

10. Pimpled (papillosus, + papulosus) ; covered with minute tu- 
bercles or excrescences, of uneven size, and rather soft ; as the 
leaves of Mesembryanthemum crystallinum. 

11. Hairy (pilosus) ; covered with short, weak, thin hairs; as the 
leaf of Prunella vulgaris, Daucus Carota. 

12. Downy (pubens, pubescens); covered with very short, weak, 
dense hairs. Pubescens is most commonly employed in Latin, 
but pubens is more classical; as the leaves of Cynoglossum 
officinale, Lonicera Xylosteum, &c. 

13. Hoary (incanus); covered with very short, dense hairs, placed 
so closely as to give an appearance of whiteness to the surface 
from which they grow; as the leaf of Mathiola incana. 

14. Shaggy (Airtus, villosus) ; covered with long, weak hairs ; as 
Epilobium hirsutum. 

15. Tomentose (tomentosus); covered with dense, rather rigid, 
short hairs, so as to be sensibly perceptible to the touch ; as 
Onopordum Acanthium, Lavatera arborea, &c. 

16. Velvety (velutinus) ; the same as the last, but more dense, 
so that the surface resembles that of velvet; as Cotyledon 
coccineus. 

17. Woolly (danatus); covered with long, dense, curled, and 
matted hairs, resemhling wool; as Verbascum Thapsus, 
Stachys germanica. 

18. Hispid (Aispidus); covered with long, rigid hairs ; as the 
stem of Echium vulgare. 

19. Floccose ( floccosus); covered with dense hairs, which fall 
away in little tufts; as Verbascum floccosum, and pulveru- 
lentum. 

20. Glandular (glandulosus) ; covered with hairs bearing glands 
upon their tips; as the fruit of roses, the pods of Adeno- 
carpus. 
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21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


Bearded (barbatus, crinitus) ; having tufts of long, weak hairs 
growing from different parts of the surface; as the leaves of 
Mesembryanthemum barbatum. It is also applied to bodies 
bearing very long, weak hairs in solitary tufts, or parcels; as 
the filaments of Anthericum, the pods of Adesmia. 

Strigose (strigosus); covered with sharp, appressed, rigid 
hairs. W. Linneeus considers this word synonymous with 
hispid. 

Silky (sericeus); covered with very fine, close-pressed hairs, 
silky to the touch; as the leaves of Protea argentea, Alche- 
milla alpina, &c. 

+ Peronate ( peronatus); laid thickly over with a woolly sub- 
stance, ending in a sort of meal. W. This term is only applied 
to the stipes of Fungi. 

Cobwebbed (arachnoides); covered with loose, white, en- 
tangled, thin hairs, resembling the web of a spider; as Cal- 
ceolaria arachnoidea. 

Ciliated (ciliatus); having fine hairs, resembling the eye- 
lash, at the margin ; as the leaves of Luzula pilosa, Erica 
tetralix, &c. 

Fringed (fimbriatus) ; having the margin bordered by long 
filiform processes thicker than hairs; as the petals of Cucuba- 
lus fimbriatus. | 

Feathery (plumosus); consisting of long hairs, which are 
themselves hairy ; as the pappus of Leontodon Taraxacum, tne 
beard of Stipa pinnata. 

Stinging (urens) ; covered with rigid, sharp-pointed, bristly 
hairs, which emit an irritating fluid when touched; as the 
leaves of the Urtica urens. 

Mealy (farinosus); covered with a sort of white scurfy 
substance; as the leaves of Primula farinosa, and of some 
poplars. 

Leprous (lepidotus, leprosus); covered with minute peltate 
scales ; as the foliage of Elzagnus. 

Ramentaceous (ramentaceus); covered with weak, shri- 
velled, brown, scale-like processes; as the stems of many 
ferns. 

Scaly (sguamosus); covered with minute scales, fixed by one 
end; as the young shoots of the pine tribe. 

Chaffy (paleaceus) ; covered with small, weak, erect, mem- 
branous scales, resembling the palee of grasses; as the 
receptacle of many compound plants. 
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C. With respect to polish or texture. 


i. 


2. 


3. 


10. 


1 


oa 


12. 


LS; 
. Whitened (dealbatus); covered with a very opaque white 


OS) 


Shining (nitidus); having a smooth, even, polished surface ; 
as many leaves. 

Smooth (glaber, or levis); being free from asperities or hairs, 
or any sort of unevenness. 

Polished (devigatus, + politus); having the appearance of a 
polished substance; as the testa of Abrus precatorius, and 
many seeds. 


. + Glittering (+ splendens) ; the same as polished, but when the 


lustre is a little broken, from slight irregularity of surface. 


. Naked (nudus, denudatus) ; the reverse of hairy, downy, or 


any similar term: it is not materially different from glaber. 


. Opaque (opacus); the reverse of shining, dull. 
. Viscid (viscidus, glutinosus); covered with a glutinous ex- 


udation. 


. Mucous, or slimy (mucosus) ; covered with a slimy secretion ; 


or with a coat that is readily soluble in water, and becomes 
slimy ; as the fruit of Salvia Verbenaca. 

t+ Greasy (+ wnctuosus); having a surface which, though not 
actually greasy, feels so. 

Dewy (roridus) ; covered with little transparent elevations of 
the parenchyma, which have the appearance of fine drops 
of dew. 


. t Dusty (+ lentiginosus); covered with minute dots, as if 


dusted ; the calyx and corolla of Ardisia lentiginosa. 

Frosted (pruinosus) ; nearly the same as roridus, but applied 
to surfaces in which the dewy appearance is more opaque, as 
if the drops were congealed; as the surface of the leaves of 
Rosa pruinosa and glutinosa. 


. Powdery ( pulverulentus); covered with a fine bloom or 


powdery matter ; as the leaves of Primula farinosa, 


. Glaucous (glaucus); covered with a fine bloom of the colour 


of a cabbage leaf. 
Cesious (cesius) ; like glaucous, but greener. 


powder ; as the leaves of many Cotyledons. 


4. Of Texture, or Substance. 


- Membranaceous (membranaceus) ; thin and semitransparent, 


like a fine membrane; as the leaves of mosses. 


. Papery ( papyraceus, chartaceus) ; having the consistence of 


writing paper, and quite opaque ; as most leaves. 
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3. 


16. 


20. 


21. 


Leathery (coriaceus, + alutaceus) ; having the consistence of 
leather ; as the leaves of Pothos acaulis, Prunus Lauro-cerasus, 
and others. 

Crustaceous (crustaceus) ; hard, thin, and brittle ; as the testa 
of asparagus, or of Passiflora. 

Cartilaginous (cartilagineus) ; hard and tough; as the testa of 
an apple-seed. 

Loose (axus); of a soft cellular texture, as the ‘pith of most 
plants. The name is derived from the parts of the substance 
appearing as if not in a state of cohesion. 


. Scarious (scariosus) ; having a thin, dry, shrivelled appear- 


ance ; as the involucral leaves of many species of Centaurea. 
Corky (suberosus) ; having the texture of the substance called 
cork; as the bark of Ulmus suberosa. 

Coated (corticatus) ; harder externally than internally. 
Spongy (spongiosus); having the texture of a sponge; that 
is to say, very cellular, with the cellules filled with air ; as the 
coats of many seeds. 


- Horny (corneus); hard, and very close in texture, but ca- 


pable of being cut without difficulty, the parts cut off not 
being brittle ; as the albumen of many plants. 

Oleaginous (oleaginosus); fleshy in substance, but filled 
with ofl. 


- Bony (osseus); hard, and very close in texture, not cut with- 


out difficulty, the parts cut off being brittle; as the stone of 
a peach. 


. Fleshy (carnosus) ; firm, juicy, easily cut. 


Waxy (ceraceus, cereus); having the texture and colour of 
new wax; as the pollen masses of particular kinds of 
Orchis. 

Woody (lignosus, ligneus) ; having the texture of wood. 
Thick (erassus) ; something more thick than usual. Leaves, 
for instance, are generally papery in texture; the leaves of 
cotyledons, which are much more fleshy, are called thick. 


- Succulent (succulentus); very cellular and juicy; as the 


stems of Stapelias. 


. Gelatinous (gelatinosus) ; having the texture and appearance 


of jelly ; as Ulvas, and similar things. 

Fibrous (fibrosus) ; containing a great proportion of loose 
woody fibre; as the rind of a cocoa-nut. 

+ Medullary or pithy (+ medullosus); filled with spongy 
pith. 
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22. Mealy ( farinaceus); having the texture of flour in a mass; 
as the albumen of wheat. 

23. Tartareous (tartareus); having a rough, crumbling surface ; 
like the thallus of some Lichens. 

24. Berried (baccatus); having a juicy, succulent texture ; as 
the calyx of Blitum. 

25. Herbaceous (herbaceus); thin, green, and cellular; as the 
‘tissue of membranous leaves. 


5. Of Size. 


Most of the terms which relate to this quality are the same 
as those incommon use; and being employed in precisely the 
same sense, do not need explanation. But there are a few 
which have a particular meaning attached to them, and are 
not much known in common language. ‘These are, — 


1. Dwarf (nanus, pumilus, pygmeus); small, short, dense, as 
compared with other species of the same genus, or family. 
Thus, Myosotis nana is not more than half an inch high; 
while the other species are much taller. 

2. Very small (puszllus, perpusillus); the same as the last, 
except that a general reduction of size is understgod, as well 
as dwarfishness. 

3. Low (humilis) ; when the stature of a plant is not particularly 
small, but much smaller than of other kindred species. Thus, 
a tree twenty feet high may be low, if the other species of 
its genus are forty or fifty feet high. 

4. Depressed (depressus); broad and dwarf, as if, instead of 
growing perpendicularly, the growth had taken place _hori- 
zontally ; as some species of Cochlearia, Coronopus Ruellii, 
and many others. 

5. Little (exiguus); this is generally used in opposition to 
large, and means small in all parts, but well proportioned. 

6. Tall (elatus, procerus); this is said of plants which are 
taller than their parts would have led one to expect. 

7. Lofty (exaltatus); the same as the last, but in a greater 
degree. 

8. Gigantic (giganteus) ; tall, but stout and well proportioned. 


To this class must also be referred words or syllables 
expressing the proportion which one part bears to another. 


1. Zsos, or equal, placed before the name of an organ, indicates 
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that it is equal in number to that of some other understood : 
thus, isostemonous is said of plants the stamens of which are 
equal in number to the petals. De Cand. 

2. Anisos, or unequal, is the reverse of the latter: thus, anisos- 
temonous would be said of a plant the stamens of which are 
not equal in number to the petals. 

3. + Meios, or less, prefixed to the name of an organ, indicates 
that it is something less than some other organ understood : 
thus, + meiostemonous would be said of a plant the stamens of 
which are fewer in number than the petals. 

4. Duplo, triplo, &c. or double, triple, &c. signify that the 
organs to the name of which they are prefixed are twice or 
thrice as numerous or large as those of some other. 


The terms which express measures of length are the 
following : — 


1. A hair’s breadth (capillus, its adjective capillaris) ; the twelfth 
part of a line. 

2. A line (linea, adj. linealis) ; the twelfth part of an inch. 

3. A nail (wnguis) ; half an inch, or the length of the nail of the 
little finger. - 

4. Aninch ( pollex, uncia ; adj. pollicaris, uncialis) ; the length of 
the first joint of the thumb. 

5. A small span (spithama, adj. spithameus); seven inches, or 
the space between the thumb and the fore-finger separated 
as widely as possible. 

6. A palm ( palmus, adj. palmaris) ; three inches, or the breadth 
of the four fingers of the hand. 

7. A span (dodrans, adj. dodrantalis) ; nine inches, or the space 
between the thumb and the little finger separated as widely 
as possible. 

8. A foot ( pes, adj. pedalis); twelve inches, or the length of a 
tall man’s foot. 

9. A cubit (ewbitus, adj. cubitalis) ; seventeen inches, or the dis- 
tance between the elbow and the tip of the fingers. 

10. An ell (ulna, brachium ; adj. ulnaris, brachialis) ; twenty-four 
inches, or the length of the arm. 

11. A toise (orgya, adj. orgyalis); six feet, or the ordinary 
height of man. 

12. Sesqui. This term, prefixed to the Latin name of a mea- 
sure, shows that such measure exceeds its due length by one 
half: thus, sesguipedalis means a foot and a half. 

DD 
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13. + A millimetre= 433, of a line. 
14. + A centimetre=4. Brick and +*3%.. 
15. + A decimetre=3 inches, eight lines, 329," 


To 
16. + A metre—3 feet, 11 lines, 2,95. 


Obs. The four last terms are French measures, which are 
rarely used, and for which no equivalent Latin terms are 


employed. 
6. Of Duration. 


The terms in ordinary use to express the absolute period 
of duration of a plant are sufficiently precise for common 
purposes, but are too inaccurate to be longer admitted within 
the pale of science. I have, therefore, adopted the phrase- 
ology of De Candolle, as ‘far as relates to words expressive 
of the actual term of vegetable existence. 


1. Monocarpous; bearing fruit but once, and dying after 
fructification ; as wheat. Some live but one year, and are 
called annuals: the term of the existence of others is pro- 
longed to two years ; these are biennials: others live for many 
years before they flower, but die immediately afterwards ; 
as the Agave americana. The latter have no English name. 
Annuals are indicated by the signs © or @; biennials by ¢ 
or @; and the others by ©. 

2. Polycarpous (better sychnocarpous); having the power of 
bearing fruit many times without perishing. Of this there 
are two forms : — 

A. Caulocarpous, or those whose stem endures many years, 
constantly bearing flowers and fruits; as trees and shrubs. 
The sign of these is h. 

B. Rhizocarpous, or those whose root endures many years, 
but whose stems perish annually; as herbaceous plants. 
The sign of these is 1}. 

3. Hysteranthous ; when leaves appear after flowers; as the 
Almond, Tussilago fragrans, &c. 

4. + Synanthous ; when flowers and leaves appear at the same 
time. 

5. + Proteranthous ; when the leaves appear before the flowers. 

6. Double-bearing (biferus) ; when any thing is produced twice 
in one season. 

Often-bearing (+ multiferus) ; when any thing is produced 
several times in one season. 
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Besides the foregoing, those that follow require expla- 
nation :— 


1. Of an hour (horarius); which endures for an hour or two 
only; as the flowers of Talinum, Cistus, &c. 

2. Of a day (ephemerus, + diurnus) ; which endures but a day, as 
the flower of Tigridia. Biduus is said of things that endure 
two days; and é¢riduus, three days. 

3. Of a night (nocturnus); which appears during the night, and 
perishes before morning; as the flowers of the night-bloom- 
ing Cereus. 

4, Of a month (menstrualis, + menstruus); which last for a 
month. imestris is said of things that exist for two months; 
trimestris, for three months. 

5. Yearly (annotinus); that which has the growth of a year. 
Thus rami annotini are branches a year old. 

6. Of the same year (hornus) ; is said of any thing the produce 
of the year. Thus rami horni would be branches not a year 
old. 

7. Deciduous (deciduus); finally falling off, as the calyx and 
corolla of Cruciferee. 

8. Caducous (caducus); falling off very early, as the calyx of 
the poppy. 

9. Persistent (persistens, + restans, Linn.) ; not falling off, but 
remaining green until the part which bears it is wholly ma- 
tured; as the leaves of evergreen plants, the calyx of Labiata 
and others. 

10. Withering, or fading (marcescens) ; not falling off until the 
part which bears it is perfected, but withering long before 
that time ; as the flowers of Orobanche. 

11. Fugacious (fugax) ; falling off, or perishing very rapidly ; as 
many minute Fungi, the petals of Cistus, &c. 

12. Permanent (perennans) ; not different from persistent: it is 
generally applied to leaves. 

13. Perennial (perennis); lasting for several years. 


7. Of Colour. 


The most useful books to consult for the distinctions of 
colours are Symes’s Book of Colours, and the chromatic scale 
in the Duke of Bedford’s publication upon Ericas. 

The best practical arrangement of colours, as applied to 
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plants, is that of Bischoff, in his excellent Terminology ; 
what follows is chiefly taken from that work. 

There are eight principal colours, under which all the 
others may be arranged; viz. white, grey, black, brown, 
yellow, green, blue, and red. 


10. 


iS 
16 
17 
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I. White (albus; in words compounded of Greek, Jeuco-). 
. Snow-white (iveus); as the purest white; Camellia ja- 
ponica. 

. Pure white (candidus ; in Greek composition, argo-); very 
pure, but not so clear as the last ; Lilium candidum. 


. Ivory-white (cream colour ; eburneus, eborinus); white verg- 


ing to yellow, with a little lustre ; Convallaria majalis. 
- Milk-white (dacteus; in words compounded of Greek, ga- 
lacto-) ; dull white verging to blue. 


. Chalk-white (cretaceus, calcareus, gypseus); very dull white, 


with a little touch of grey. 


. Silvery (argenteus) ; a little changing to bluish grey, with 


something of a metallic lustre. 


. Whitish (albidus) ; any kind of white a little soiled. 
. Turning white (albescens); changing to a whitish cast from 


some other colour. 


. Whitened (dealbatus); slightly covered with white upon a 


darker ground. 


II. Grey. 


Ash-grey (cinereus ; in words compounded of Greek, tephro- 
and spodo-) ; a mixture of pure white and pure black, so as to 
form an intermediate tint. 

. Ash-greyish (ezneraceus) ; the same, but whiter. 


. Pearl-grey (griseus) ; pure grey a little verging to blue. 


. Slate-grey (schistaceus) ; grey bordering on blue. 


. Lead-coloured (plumbeus); the same with a little metallic 


lustre. 
. Smoky (fumeus, fumosus); grey changing to brown. 
. Mouse-coloured (murinus); grey with a touch of red. 


. Hoary (canus, or incanus); a greyish whiteness, caused by 


hairs overlying a green surface. 
. Rather hoary (canescens); a variety of the last. 


III. Black. 


19. Pure black (ater; in Greek composition, mela- or me- 


lano-); is black, without the mixture of any other colour. 
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Atratus and nigritus ; when a portion only of something is 
black ; as the point of the glumes of Carex. 


. Black (niger); a little tinged with grey. A variety is 


NIGVESCENS. 


21. Coal-black (anthracinus); a little verging upon blue. 


22. 
23. 


Raven-black (coracinus, pullus) ; black with a strong lustre. 
Pitch-black (piceus) ; black changing to brown. From this 
can scarcely be distingiushed brown black (memnonius). 


IV. Brown. 


. Chesnut-brown (éadius); dull brown, a little tinged with 


red. 


. Brown (fuseus; in Greek composition, pheo-); brown 


tinged with greyish or blackish. 


. Deep-brown (brunneus); a pure dull brown. Umber-brown 


(umbrinus) is nearly the same. 


. Bright brown (spadiceus); pure and very clear brown. 


28. Rusty (ferrugineus); light brown with a little mixture 
of red. 

29. Cinnamon (cinnamomeus) ; bright brown mixed with yellow 
and red. 

30. Red-brown (porphyreus); brown mixed with red. 


- Rufous (rufus, rufescens) ; rather redder than the last. 
“aa: 


yt Glandaceus ; like the last, but yellower. 
Liver-coloured (hepaticus) ; dull brown with a little yellow. 


. Sooty fuligineus, or ( fuliginosus) ; dirty brown, verging upon 


black. 


. Lurid (durtdus); dirty brown a little clouded. 


V. Yellow. 


- Lemon-coloured (edtreus or citrinus); the purest yellow 


without any brightness. 


. Golden yellow (aureus, auratus; in Greek composition, 


chryso-); pure yellow, but duller than the last, and bright. 


. Yellow (/uteus ; in Greek composition, zantho-) such yellow 


as gamboge. 


. Pale yellow ( flavus, luteolus, lutescens, flavidus, flavescens) ; 


a pure but paler yellow than the preceding. 


. Sulphur-coloured (sudphureus); a pale, lively yellow, with a 


mixture of white. 
. Straw-coloured (stramineus) ; dull yellow mixed with white. 
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42. Leather yellow (alutaceus) ; whitish yellow. 

43. Ochre-colour (ochraceus) ; yellow, imperceptibly changing to 
brown. 

44. Ochroleucus; the same, but whiter. 

45. Waxy yellow (cerinus); dull yellow, with a soft mixture of 
reddish brown. 

46. Yolk of egg (vitellinus); dull yellow, just turning to red. 

47. Apricot-colour (armeniacus); yellow, with a_ perceptible 
mixture of red. 

48. Orange-colour (aurantiacus, aurantius); the same, but 
redder. 

49. Saffron-coloured (croceus) ; the same, but deeper and with a 
dash of brown. 

50. Helvolus ; greyish yellow with a little brown. 

51. Isabella-yellow (gilvus); dull yellow, with a mixture of grey 
and red. 

52. Testaceous (testaceus) ; brownish yellow, like that of unglazed 
earthenware. 

53. Tawny (fulvus) ; dull yellow with a mixture of grey and 
brown. 

54. Cervinus ; the same, darker. 

55. Livid (lividus); clouded with greyish, brownish, and 
blueish. 


VI. Green. 


56. Grass-green (smaragdinus, prasinus); clear, lively green, 
without any mixture. 

57. Green (viridis ; in Greek composition, chloro-); clear green, 
but less bright than the last. Virens, virescens, viridulus, 
wviridescens, are shades of this. 

58. Verdigris-green (eruginosus); deep green with a mixture of 
blue. 

59. Sea-green (glaucus, + thalassicus, glaucescens) ; dull green, 
passing into greyish blue. 

60. Deep green (atrovirens); green, a little verging upon 
black. 

61. Yellowish green (flavovirens) ; much stained with yellow. 

62. Olive-green (olivaceus; in Greek composition, elaio-); a 
mixture of green and brown. 


VII. Blue. 


63. Prussian blue (eyaneus ; in Greek composition, eyano-); a 
clear, bright blue. | 
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64. Indigo (+ indigoticus) ; the deepest blue. 

65. Blue (ceruleus); something lighter and duller than the 
last. 

66. Sky-blue (azureus); a light pure, lively blue. 

67. Lavender-colour (cesius); pale blue with a slight mixture of 
grey. 

68. Violet (violaceus, ianthinus); pure blue stained with red, so 
as to be intermediate between the two colours. 

69. Lilac (lilacinus); pale, dull violet, mixed a little with white. 


VIII. Red. 


70. Carmine (kermesinus, puniceus); the purest red without any 
admixture. 

71. Red (ruber ; in Greek composition, erythro-); the common 
term for any pure red. ubescens, rubeus, rubellus, rubicun- 
dus, belonging to this. 

72. Rosy (roseus; in Greek composition, rhodo-); pale, pure 
red. 

73. Flesh-coloured (carneus, incarnatus); paler than the last, 
with a slight mixture of red. . 

74. Purple (purpureus); dull red with a slight dash of blue. 

75. Sanguine (sanguineus); dull red, passing into brownish 
black. 

76. Phzeniceous (pheniceus, puniceus) ; pure, lively red, with a 
mixture of carmine and scarlet. 

77. Scarlet (coccineus); pure carmine slightly tinged with 
yellow. 

78. Flame-coloured (flammeus, igneus); very lively scarlet; 
fiery red. 

79. Bright red (rutilans, rutilus); reddish, with a metallic lustre. 

80. Cinnabar (cinnabarinus); scarlet, with a slight mixture of 
orange. 

81. Vermilion (miniatus, + ver civ eng ; scarlet with a decided 
mixture of yellow. 

82. Brick-colour (dateritius) ; the same, but dull and mixed with 
grey. 

83. Brown-red (rubiginosus, hematiticus) ; duli red with a slight 
mixture of brown. 

84. Xerampelinus ; dull red with a strong mixture of brown. 

85. Coppery (cupreus); brownish red with a metallic lustre. 

86. Githagineus ; greenish red. 
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8. Of Variegation, or Marking. 
1 2 3 4, 5 6 ‘ 8 


10 12 14 15 17 I] 

1. Variegated (variegatus) ; the colour disposed in various irre- 
gular, sinuous spaces. 

2. Blotched (maculatus); the colour disposed in broad, irregular 
blotches. 

3. Spotted (guttatus) ; the colour disposed in small spots. 

4. Dotted ( punctatus); the colour disposed in very small round 
spots. 

5. Clouded (nebulosus); when colours are unequally blended 
together. 

6. Marbled (marmoratus) ; when a surface is traversed by irre- 
gular veins of colour ; as a block of marble often is. 

7. Tessellated (tessellatus) ; when the colour is arranged in small 
squares, so as to have some resemblance to a tessellated 
pavement. 

8. Bordered (limbatus); when one colour is surrounded by an 
edging of another. 

9. Edged (marginatus); when one colour is surrounded by a 
very narrow rim of another. 

10. Discoidal (discoidalis) ; when there is a single large spot of 
colour in the centre of some other. 

1]. Banded (fasciatus); when there are transverse stripes of 
one colour crossing another. 

12. Striped (vittatus); when there are longitudinal stripes of 
one colour crossing another. 

13. Ocellated (ocellatus); when a broad spot of some colour has 
anether spot of a different colour within it. 

14. Painted ( pictus); when colours are disposed in streaks of 
unequal intensity. 


£ 
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15. Zoned (zonatus) ; the same as ocellated, but the concentric 
bands more numerous. 

16. Blurred (turatus). This, according to De Candolle, is 
occasionally, but rarely, used to indicate spots or rays which 
seem formed by the abrasion of the surface; but I know of 
no instance of such a character. 

17. Lettered (grammicus); when the spots upon a surface as- 
sume the form and appearance of letters; as some Ope- 
graphas. 


9, Of Veining. 


In terms expressive of this quality the word nerves is ge- 
nerally used, but very incorrectly. 


1. Ribbed (xervosus, + nervatus) ; having several ribs; as Plan- 
tago lanceolata, &c. 

2. One-ribbed (uninervis, ¢ uninervatus, costatus) ; when there is 
only one rib; as in most leaves. 

3. Three-ribbed (trinervis); when there are three ribs all pro- 
ceeding from the base ; as in Chironia Centaurium. Quinque- 
nervis, when there are five; asinGentianalutea. Septemnervis, 
when there are seven; as in Alisma Plantago ; and so on. 

4. Triple-ribbed (triplinervis) ; when of three ribs the two lateral 
ones emerge from the middle one a little above its base; as 
in Melastoma multiflora. Quintuplinervis, &c. are used to 
express the obvious modifications of this. 

5. + Indirecté venosus ; when the lateral veins are combined 
within the margin, and emit other little veins. Link. 

6. + Hvanescenti-venosus ; when the lateral veins disappear within 
the margin. Jb. 

7. + Combinaté venosus ; when the lateral veins unite before they 
reach the margin. Jb. 

8. Straight-ribbed (+ rectinervis, + parallelenervis, directé venosus, 
Link); when the lateral ribs are straight; as in Alnus glu- 
tinosa, Castanea vesca, &c. Mirb. When the ribs are straight 
and almost parallel, but united at the summit; as in grasses. 
De Cand. 

9. + Curve-ribbed (+ curvinervis, + converginervis) ; when the ribs 
describe a curve, and meet at the point; as in Plantago 
lanceolata. 

10. + Ruptinervis, when a straight-ribbed leaf has its ribs inter- 
rupted at intervals. De Cand. 
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11. + Penniformis ; when the ribs are disposed as in a pinnated 
leaf, but confluent at the point; as in the Date. De Cand. 

12. + Palmiformis ; when the ribs are arranged as in palmate 
leaves; as in the Chamerops. J. 

13. + Penninervis ; when the ribs are pinnated (De Cand.) ; as 
in Castanea vesca. 

14. + Pedatinervis ; when the ribs are pedate. De Cand. 

15. + Palminervis ; when they are palmated. Jd. 

16. + Peltinervis ; when they are peltate. Jb. 

17. + Vaginervis; when the veins are arranged without any 
order; as in Ficoideze. Jb. 

18. + Retinervis; when the veins are reticulated, or like lace. 6. 

19. + Nullinervis, or enervis; when there are no ribs or veins 
whatever. J. 

20. + Falsinervis ; when the veins have no vascular tissue, but 
are formed of simple, elongated, cellular tissue ; as in mosses, 
Fuci, &c. 

21. + Hinoideus ; when all the veins proceed from the midrib, 
and are parallel and undivided; as in Scitaminee. Link. 
When they are connected by little cross veins, the term is 
+ venuloso-hinoideus. 6. 

22. + Venosus ; when the lateral veins are variously divided. 10. 


II. Of Individual Relative Terms. 


These are arranged under the heads of Lstivation, or the 
relation which organs bear to each other in the bud state ; 
Direction, or the relation which organs bear to the surface of 
the earth, or to the stem of the plant which forms the axis, 
either real or imaginary, round which they are disposed ; and 
Insertion, or the manner in which one part is inserted into, or 
adheres to, another. 


1. Of Estivation. 


The term estivation, or prefloration, is applied to the parts 
of the flower when unexpanded; and vernation is expressive 
of the foliage in the same state. ‘The ideas of their modifi- 
cations are, however, essentially the same. 


1. Involute (znvolutiva, involuta); when the edges are rolled 
inwards spirally on each side (Zink) ; as the leaf of the apple. 


2. Revolute (revolutiva, revoluta); when the ioe are rolled 
backwards spira!ly on each side (Zink); as in the leaf of the 
rosemary. 

3. Obvolute (obvolutiva, obvoluta (Link); semi-amplexa, De 
Cand.) ; when the margins of one alternately overlap those of 
that which is opposite to it. 

4. Convolute (convolutiva, convoluta) ; when one is wholly rolled 
up in another, as in the petals of the wall-flower. 

5. Supervolute (swpervolutiva); when one edge is rolled in- 
wards, and is enveloped by the opposite edge rolled in an 
opposite direction ; as the leaves of the apricot. 

6. Induplicate (Induplicativa) ; having the margins bent abruptly 
inwards, and the external face of these edges applied to each 
other without any twisting ; as in the flowers of some species 
of Clematis. 

7. Conduplicate (conduplicativa, conduplicata); when the sides 
are applied parallelly to the faces of each other. 

8. Plaited (plicativa, plicata) ; folded lengthwise, like the plaits 
of a closed fan; as the vine and many palms. 

9. Replicate (replicativa) ; when the upper part is curved back 
and applied to the lower; as in the Aconite. 

10. Curvative (curvativa) ; when the margins are slightly curved, 
either backwards or forwards, without any sensible twisting. 
De Cand. 

11. Wrinkled (corrugata, corrugativa) ; when the parts are folded 
up irregularly in every direction; as the petals of the 
mg ee 

12. Imbricated (imbricativa, imbricata) ; when they overlap each 
other parallelly at the margins without any involution. This 
is the true meaning of the term. M. De Candolle applies it 
in a different sense. (Théorie, ed. 1. p. 399.) 
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Equitant (eqguitativa, equitans, Link; amplexa, De Cand.); 
when they overlap each other parallelly and entirely, without 
any involution ; as the leaves of Iris. | 
Reclinate (reclinata) ; when they are bent down upon their 
stalk. 

Circinate (circinatus); when they are rolled spirally down- 
wards. 

Valvate (valvata, valvaris); applied to each other by the 
margins only; as the petals of Umbelliferae, the valves of a 
capsule, &c. 

Quincunx (qguineuncialis); when the pieces are five in num- 
ber, of which two are exterior, two interior, and the fifth 
covers the interior with one margin, and has its other margin 
covered by the exterior; as in Rosa. 

Twisted (torsiva, spiraliter contorta); the same as contorted, 
except that there is no obliquity in the form or insertion of 
the pieces; as in the petals of Oxalis. 

Contorted (contorta); each piece being oblique in figure, 
and overlapping its neighbour by one margin, its other mar- 
gin being, in like manner, overlapped by that which stands 
next it; as Apocynee. 

Alternative (alternativa); when, the pieces being in two 
rows, the inner is covered by the outer in such a way that 
each of the exterior rows overlaps half of two of the interior ; 
as in Liliacez. 


. Vexillary (vexillaris); when one piece is much larger than 


the others, and is folded over them, they being arranged face 
to face; as in papilionaceous flowers. 

Cochlear (cochlearis) ; when one piece, being larger than the 
others, and hollowed like a helmet or bowl, covers all the 
others; as in Aconitum, some species of personate plants, &c. 


2. Of Direction. 


. Erect (erectus, arrectus) ; pointing towards the zenith. 
. Straight (rectus); not wavy or curved, or deviating from a 


straight direction in any way. 


. Very straight (strictus); the same as the last, but im 


excess. 


. Swimming (natans); floating under water; as Conferve. 
. Floating ( fluitans) ; floating upon the surface of water; as 


the leaves of Nuphar. 


CLASS I. INDIVIDUAL RELATIVE TERMS, 418 


6. Submersed (submersus, demersus) ; buried beneath water. 

7. Descending (descendens); having a direction gradually down- 
wards. | 

8. Hanging down (dependens); having a downward direction, 
caused by its own weight. 

9. Ascending (ascendens, assurgens); having a direction up- 
wards, with an oblique base; as many seeds. 
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10. Perpendicular (verticalis, perpendicularis); being at right 
angles with some other body. 

11. Oblique (obliquus); when the margin points to the heavens, 
the apex to the horizon; as the leaves of Protea and Fri- 
tillaria. 

12. Horizontal (horizontalis); when the plane points to the 
heavens, the apex to the horizon; as most leaves. 

13. Inverted (¢nversus) ; having the apex of one thing in an op- 
posite direction to that of another; as many seeds. 

14. Revolute (revolutus); rolled backwards from the direction 
ordinarily assumed by similar other bodies; as certain ten- 
drils, and the ends of some leaves. 

15. Involute (zmvolutus); rolled inwards. 

16. Convolute (convolutus) ; rolled up. 

17. Reclining (reelinatus) ; falling gradually back from the per- 
pendicular; as the branches of the banyan tree. 

18. Resupinate (resupinatus); inverted in position by a twisting 
of the stalk; as the flowers of Orchis. 

19. + Inclining (+ inclinatus, declinatus); the same as reclining, 
but in a greater degree. 

20. Pendulous (pendulus) ; hanging downwards, in consequence 
of the weakness of its support. 
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21. Drooping (cernuus) ; inclining a little from the perpendicular, 
so that the apex is directed towards the horizon. 

22. Nodding (nutans) ; inclining very much from the perpendi- 
cular, so that the apex is directed downwards. 
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23. One-sided (secundus) ; having all the parts by twists in their 
stalks turned one way ; as the flowers of Antholyza. 

24. Inflexed (inflexus, ineurvus, introflexus, introcurvus, infrac- 
tus) ; suddenly bent inwards. 

25. Reflexed (reflexus, recurvus, retroflexus, retrocurvus, refrac- 
tus) ; suddenly bent backwards. 

26. Deflexed (deflexus, declinatus) ; bent downwards. 

27. Flexuose (fleruosus); having a gently bending direction, 
alternately inwards and outwards. 

28. Tortuous (tortuosus); having an irregular, bending, and 
turning direction. 

29. Knee-jointed (geniculatus); bent abruptly like a knee; as 
the stems of many grasses. 

30. Spiral (spiralis, anfractuosus); resembling in direction the 
spires of a corkscrew, or other twisted thing. 

31. Circinate (circinatus, gyratus, circinalis;) bent like the head 
of a crosier ; as the young shoots of ferns. 

32. Twining (volubilis) ; having the property of twisting round 
some other body. 

a. To the right hand, or dextrorsum ; when the twisting is 
from left to right, or in the direction of the sun’s course ; 
as the hop. 

b. To the left hand (sinistrorswm) ; when the twisting is from 
right to left, or opposite to the sun’s course ; as Convolvulus 
sepium. 
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33. Turned backwards (retrorsus); turned in a direction oppo- 
site to that of the apex of the body to which the part turned 
appertains. 

34. Turned inwards (2ntrorsus, anticus); turned towards the axis 
to which it appertains. 

35. Turned outwards (extrorsus posticus) ; turned away from the 
axis to which it appertains. 

36. Procumbent (procumbens, humifusus); spread over the sur- 
face of the ground. 

37. Prostrate (prostratus, pronus) ; lying flat upon the earth, or 
any other thing. 

38. Decumbent (decumbens) ; reclining upon the earth, and rising 
again from it at the apex. 

39. Diffuse (diffusus) ; spreading widely. 

40. Straggling (divaricatus); turning off from any thing irregu- 
larly, but at almost a right angle; as the branches of many 
things. 

41. Brachiate (brachiatus) ; when ramifications proceed from a 
common axis nearly at regular right angles, alternately in 
opposite directions. 

42. Spreading (patens) ; having a gradually outward direction ; 
as petals from the ovarium. 
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43, Converging aye having a gradually inward direction ; 
as many petals. 

44. Opposite (adversus, +oppositus); pointing directly to a par- 
ticular place ; as the radicle to the hilum. 

45. Uncertain (vagus); having no particular direction. 

46. Peritropal (peritropus) ; directed from the axis to the hori- 


zon. ‘This and the four following are only applied to the 
embryo of the seed. 
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47, Orthotropal (orthotropus;) straight, and having the same 
direction as the body to which it belongs. 

48. Antitropal (antitropus); straight, and having a direction con- 
trary to that of the body to which it belongs. 

49. Amphitropal (amphitropus) ; curved round the body to which 
it belongs. 7 

50. Homotropal (homotropus); having the same direction as the 
body to which it belongs, but not being straight. 


3. Of Insertion. 


A. With respect to the mode of attachment, or of adhesion. 


1. Peltate (peltatus, umbilicatus) ; fixed to the stalk by the centre, 
or by some point distinctly within the margin ; as the leaf of 
Tropzolum. 

2. Sessile (sessilis) ; sitting close upon the body that supports it 
without any sensible stalk. 

3. Decurrent (decurrens, decursivus) ; prolonged below the point 
of insertion, as if running downwards. 

4. Embracing (amplectans); clasping with the base. 

5. Stem-clasping (amplexicaulis) ; the same as the last, but ap- 
plied only to stems. 

6. Half-stem-clasping (semt-amplexicaulis) ; the same as the last, 
but in a smaller degree. 

7. Perfoliate ( perfoliatus) ; when the two basal lobes of an am- 
plexicaul leaf are united together, so that the stem appears to 
pass through the substance of the leaf. } 

8. Connate (connatus); when the bases of two opposite leaves 
are united together. 
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Sheathing (vaginans) ; surrounding a stem or other body by 
the convolute base: this chiefly occurs in the petioles of 
grasses. 

Adnate (adnatus, annexus); adhering to the face of a 
thing. 

Innate (innatus) ; adhering to the apex of a thing. 

Versatile (versatilis, + oscillatorius) ; adhering slightly by the 
middle, so that the two halves are nearly equally balanced, 
and swing backwards and forwards. 

Stipitate (stipitatus) ; elevated on a stalk which is neither a 


petiole nor a peduncle. 
+ Palaceous (+ palaceus); when the foot-stalk adheres to the 


margin. Willd. 

Separate (7+ solutus, liber, +distinctus); when there is no 
cohesion between parts. 

Accrete (accretus) ; fastened to another body, and growing 
with it. De Cand. 

Adhering (adherens) ; united laterally by the whole surface 
with another organ. De Cand. 

Cohering (coherens, +coadnatus, coadunatus, +coalitus, + con- 
natus, confiuens) : this term is used to express, in general, the 
fastening together of homogeneous parts. De Cand. Such 
are De Candolle’s definitions of these three terms; but in 
practice there is no difference between them. 

Articulated (articulatus); when one body is united with 
another by a manifest articulation. 


B. With respect to situation. 
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- Dorsal (dorsalis) ; fixed upon the back of any thing. 

. Lateral (daieralis) ; fixed near the side of any thing. 

. Marginal (marginalis) ; fixed upon the edge of any thing. 

. Basal (basilaris) ; fixed at the base of any thing. 

. Radical (radicalis) ; arising from the root. 

. Cauline (caulinus) ; arising from the stem. 

. Rameous (rameus, ramealis) ; of or belonging to the branches. 
. Axillary (axillaris, + alaris) ; arising out of the axilla. 

- Floral (floralis) ; of or belonging to the flower. 

. Epiphyllous (foliaris, epiphyllus) ; inserted upon the leaf. 

. Terminal (terminalis) ; proceeding from the end. 

. Of the leaf-stalk (petiolaris); inserted upon the petiole. 

. Crowning (coronans); situated on the top of any thing. 


Thus, the limbs of the calyx may crown the ovary; a 
EE 


418 GLOSSOLOGY. BOOK III. 


gland at the apex of the filament may crown the stamen ; and 
so on. 


14. Epigeous (epige@us) ; growing close upon the earth. 


15. Subterranean (hypogeus, + subterraneus) ; growing under the 
earth. 

16. Amphigenous (amphigenus). 

17. Epigynous (epzgynus); growing upon the summit of the 
ovarium. 


18. Hypogynous (hypogynus); growing from below the base of 
the ovarium. 


19. Perigynous (perigynus) ; growing upon some body that sur- 
rounds the ovarium. 


Ciass II, Or Couvective TERMs. 


Ir has been already explained, that collective terms are 
those which apply to plants, or their parts, considered in 
masses; by which is meant that they cannot be applied to any 
one single part or thing, without a reference to a larger num- 
ber being either expressed or understood. Thus, when leaves 
are said to be opposite, that term is used with respect to 
several, and not to one; and when a panicle is said to be !ax 
or loose, it means that the flowers of a panicle are loosely 
arranged; and so on. 


1*. Of Arrangement. 
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1. Opposite (oppositus) ; placed on opposite sides of some other 
body or thing on the same plane. Thus, when leaves are 
opposite, they are on opposite sides of the stem; when petals 
are opposite, they are on opposite sides of the ovary; and 
SO on. 

2. Alternate (alternus); placed alternately one above the other 
on some common body, as leaves upon the stem. 

3. Stellate (stellatus, stelliformis, stellulatus); the same as ver- 
ticillate, No. 4., except that the parts are narrow and 
acute. 

4. Whorled (verticillatus) ; when several things are in opposition 
round a common axis, as some leaves round their stem ; sepals, 
petals, and stamens round the ovarium, &c. 

5. Ternate (ternus); when three things are in opposition round 
a common axis. 

6. Loose (daxus) ; when the parts are distant from each other, 
with an open, light kind of arrangement; as the panicle 
among the other kinds of inflorescence. 

7. Scattered (sparsus) ; used in opposition to whorled, or oppo- 
site, or ternate, or other such terms. 

8. Compound (compositus); when formed of several parts 
united in one common whole; as pinnated leaves, all kinds of 
inflorescence beyond that of the solitary flower. 

9. Crowded (confertus); when the parts are pressed closely 
round about each other. 

10. Imbricated (émbricatus); when parts lie over each other in 
regular order, like tiles upon the roof of a house; as the 
scales upon the cup of some acorns. 

11. Rosulate (rosulatus, rosularis); when parts which are not 
opposite, nevertheless become apparently so by the con- 
traction of the joints of the stem, and lie packed closely over 
each other, like the petals in a double rose; as in the offsets 
of houseleek. 

12. Caspitose (cespitosus) ; forming dense patches, or turfs; as 
the young stems of many plants. 

13. Fascicled (fasciculatus); when several similar things pro- 
ceed from a common point; as the leaves of the larch, for 
example. 

14. Distichous (distichus, bifarius) ; when things are arranged in 
two rows, the one opposite to the other; as the florets of 
many grasses. 
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15. In rows (serialis) ; arranged in rows which are not neces- 
sarily opposite each other: dzsertalis, in two rows ; triserialis, 
in three rows: but these are seldom used. In their stead, 
we generally add fariam to the end of a Latin numeral: 
thus, bifariam means in two rows; trifariam, in three rows ; 
and so on. 

16. One-sided (unzlateralis, secundus); arranged on, or turned 
towards, one side only; as the flowers of Antholyza. 

17. Clustered (aggregatus, coacervatus, conglomeratus); collected 
in parcels, each of which has a roundish figure; as the flowers 
of Cuscuta, Adoxa, Trientalis, &c. 

18. Spiral (spiralis); arranged in a spiral manner round some 
common axis; as the flowers of Spiranthes. 

19. Decussate (decussatus); arranged in pairs that alternately 
cross each other; as the leaves of many plants. © 

20. Fastigiate (fastigiatus); when all the parts are nearly 
parallel, with each pointing upwards to the sky; as the 
branches of Populus fastigiata, and many other trees. 

21. Squarrose (sguarrosus) ; when the parts spread out at right 
angles, or thereabouts, from a common axis; as the leaves of 
some mosses, the involucra of some Composite, &c. 

22. Fasciated (fasciatus) ; when several contiguous parts grow 
unnaturally together into one; as the stems of some plants, 
the fruits of others, &c. 

23. Scaly (squamosus) ; covered with small scales, like leaves. 

24, Starved (depauperatus); when some part is less perfectly 
developed than is usual with plants of the same family. Thus, 
when the lower scales of a head of a Cyperaceous plant pro- 
duce no flowers, then scales are said to be starved. 
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25. Distant (distans, remotus, rarus) ; in contradiction to imbri- 
cated, or dense, or approximated, or any such words. 

26. Interrupted (interruptus); when any symmetrical arrange- 
ment is destroyed by local causes, as, for example, a spike 
is said to be interrupted when here and there the axis is un- 
usually elongated, and not covered with flowers; a leaf 
is interruptedly pinnated when some of the pinne are much 
smaller than the others, or wholly wanting ; and so on. 

27. Continuous, or uninterrupted (continuus) ; the reverse of the 
last. 

28. Entangled (inéricatus) ; when things are intermixed in such 
an irregular manner that they cannot be readily disentangled ; 
as the hairs, roots, and branches of many plants. 

29. Double, or twin (+ duplicatus, geminatus) ; growing in 
pairs. 

30. Rosaceous (rosaceus) ; having the same arrangement as the 
petals ofa single rose. 

31. Radiant (radiatus) ; diverging from a common centre, like 
rays; as the ligulate florets of any compound flower. 


2*. Of Number. 


1. None (nullus); absolutely wanting. 

2. Numerous (numerosus) ; so many that they cannot be counted 
with accuracy ; or several, but not of any definite number. 

3. Solitary (solitarius, unicus) ; growing singly. 

4. Many (in Greek compounds, poly) ; has the same meaning as 
numerous. 

5. Few (in Greek compounds, oligos); means that the number 
is small, not indefinite. It is generally used in contrast with 
many (poly) when no specific number is employed; as in the 
definition of things, the number of which is definite, but 
variable, 
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Besides the above, De Candolle has the following Table 
of Numbers (Théorie, 502.) :— 


Derived from the Derived from the 


Latin. Greek. 
uni mono 1 
bi di 2 
tri tri 3 
quadri tetra 4 
quinque penta 5. 
sex hexa 6. 
septem hepta (e 
octo octo 8 
novem ennea 9 
decem deca 10 
undecim endeca ie 
duodecim dodeca 12, or from 11 to 19. 
viginti icos 20. 
pauci oligos a small number. 
pluri - : a middling number. 
multi poly a great number. 


bini, gemini 
terni, ternati 


2 together. 
3 together. 


quaterni,quaternati - - 4 together. 
quini, quinati - - 5 together. 
senl - - | 6 together. 
septeni - - 7 together. 
octoni - L | 8 together. 


noni, noveni 
deni, + denarii 


9 together. 
10 together. 


duodeni - - 12 together. 
viceni - 7 20 together. 
simplici - : ee or simple. 
duplici ‘ E ouble. 
triplici - - triple. 
quadruplici - - quadruple. 
quintuplici - - quintuple. 
sextuplici : - sextuple. 
multiplici - : multiple. 

“oli triple, only applied to 
oe 5 i | the ribs of leaves. 
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Crass III]. Or Terms oF QUALIFICATION. 


Terms of qualification are generally syllables prefixed to 
words of known signification, the value of which is altered 
by such addition. These syllables are often Latin prepo- 
sitions. 


1. O86, prefixed to a word, indicates inversion: thus, obovate 
means inversely ovate; obcordate, inversely cordate; obconi- 
cal, inversely conical ; and so on. Hence it is evident that this 
prefix cannot be properly applied to any terms except such 
as indicate that one end of a body is wider than the other ; 
for if both ends are alike, there can be no apparent inversion : 
therefore when the word oblanceolate is used, as by some 
French writers, it literally means nothing but lanceolate; for 
that figure, being strictly regular, cannot be altered in figure 
by inversion. 

2. Sub, prefixed to words, implies a slight modification, and 
may be Englished by somewhat: as, swbovate means some- 
what ovate ; swbviridis, somewhat green ; swbrotundus, some- 
what round; swbpurpureus, somewhat purple; and so on. 
The same effect is also given to a term by changing the ter- 
mination into ascens, or escens: thus, viridescens signifies 
greenish ; rubescens, reddish ; and so on. 


Signs. 


In botany a variety of marks, or signs, are employed to 
express particular qualities or properties of plants. The 
principal writers who have invented these signs are Linnzus, 
Willdenow, De Candolle, Trattinnick, and Loudon : — 


* LTinn., Willd., De Cand., Tratt., indicates that a good 
description will be found at the reference to which it is 
affixed. 

+ Linn., Willd.. De Cand., Tratt., indicates that some 
doubt or obscurity relates to the subject to which it is 
affixed. 

! De Cand., shows that an authentic specimen has been 
examined from the author to whose name or work it is 
annexed. 

2? The note of interrogation varies in its effect, according to 
the place in which it is inserted. When found after a 
specific name, as Papaver cambricum ? it signifies that 
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it is uncertain whether the plant so marked is that 
species, or some other of the genus ; if after the generic 
name, as Papaver ? cambricum, it shows an uncertainty 
whether the plant so marked belongs to the genus Pa- 
paver ; when found affixed to the name of an author, as 
Papaver cambricum Linn., Smith, Lam.? it signifies that, 
while there is no doubt of the plant being the same as 
one described under that name by Linnzeus and Smith, 
it is doubtful whether it is not different from that of 
Lamarck. It may be remarked, that when the interro- 
gation has a general, and notva particular application, it 
should be placed at the commencement of the para- 
graph ; as ? Papaver cambricum Smith, &c., not Papaver 


cambricum Smith? &c. as is the usual practice. 


5 Linn. Willd. <A tree or shrub. 
+ Loudon. A deciduous tree. 
¢ Loudon. An evergreen tree. 


Q 


De Cand. 
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Tratt. A true tree; as the oak. 
De Cand. An under-shrub; as Laurustinus. 


Loudon. A deciduous under-shrub. 
Loudon. An evergreen under- shrub. 


De Cand. 


Tratt. \ Caulocarpous. 


A shrub. 
Tratt. : oe 
Loudon. A deciduous shrub. 


Loudon. An evergreen shrub. 
De Cand. A small tree. 
De Cand. A tree more than twenty-five feet high. 


Tratt. A simple-stemmed arborescent monocotyledon- 
Loudon. ous tree ; such as a palm. 


Linn., Willd., De Cand., Tratt. 
ha perennial. 
Loudon. 


De Cand. Monocarpous in general. 


De Cand. 
Tratt. 
Linn., Willd., Tratt. 

t Annual. 


Va monocarpous perennial. 


De Cand. 


Loudon. 
Linn., Willd. 
De Cand. 


Biennial. 
Tratt. 


oe Loudon. 
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Tratt. A plant that is propagated by new tubers, which 
perish as soon as they have borne a plant; as the 
potatoe. 

Tratt. A plant that is propagated by suckers; as Poa 
pratensis. 

Tratt. A plant that is propagated by runners; as the 
strawberry. 

Tratt. A viviparous plant; or one that increases by buds 
which fall from it ; as Lilium tigrinum. 

Tratt. A stemless plant ; as Carduus acaulis. 

Tratt. A plant whose flowers are borne upon a scape; as 
Hieracium Pilosella. 

Tratt. A plant which bears its flowers and leaves upon 
two separate stems; as Curcuma Zedoaria. This 
sort of plant is called by Trattinnick hetero- 
phytous. 

Tratt. A Calamarious, or grassy, plant; as Bromus 

Loudon. mollis. 

De Cand. z 

Tratt. ha twining plant. 


De Cand. Which twines to the right. 
De Cand. Which twines to the left. 


Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
Loudon. 
De Cand., Tratt. 


A deciduous twining plant. 
An evergreen twining plant. 
A deciduous climbing plant. 
An evergreen climbing plant. 
A deciduous trailing plant. 
An evergreen trailing plant. 
A deciduous creeping piant. 
An evergreen creeping plant. 
A deciduous herbaceous plant. 
An evergreen herbaceous plant. 
A bulbous plant. 

A fusiform-rooted plant. 

A tuberous-rooted plant. 

An aquatic plant. 

A parasitical plant. 

An evergreen plant. 


gatos a: Hi An indefinite number. 
Willd., &c. The male sex. 

Willd., &c. The female sex. 

Willd., &c. The hermaphrodite sex. 
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Willd. The neuter sex. 
Willd.) Monececious; or the male and female on one 
Tratt. \ plant. 
Willd.) Dicecious ; or the male and female in different 
Tratt. } plants. 
Willd. WHermaphrodite and female in one compound 
flower. 
Willd. WHermaphrodite and neuter in one compound 
flower. 


Willd. Hermaphrodite and male on one stem. 
Willd. Hermaphrodite and female on one stem. 


Abbreviations. 


These are only known in the botanical works which are 


written 


in Latin: they are of little importance, and, as will 


be seen by the mark + prefixed, are scarcely ever used. ‘The 
following list is chiefly taken from Trattinnick. (Synodus, 


i. 16.) :— 
+ “Est. state. 
Alb. Albumen. 
t+ Alp. Alpes, Alpinus. 
Anth. Anthera, Anthodium, Antheris. 
Apr. Aprilis, Apricus. 
+ Arv. Arva, Arvensis. 
+ Ar. Arena, Arenosus. 
+ Art. Artificialis. 
+ Aug. Augustus. 
+ Augm. <Awugmentum. 

Aut. Autumnus, Autumnalis. 

B. Beatus or Defunctus; used in speaking of a person who 
is recently deceased, and is equivalent to our Eng- 
lish word “ late.” 

Br. Bractea. 

Cal. Calyx. 

Cald. — Caldarium. 

+ Camp. Campus, Campestris. 


+ Carpell. Carpellum. 
+ Carpid. Carpidium. 
+ Carpol. Carpologia. 


Cel. 
Char. 


Celeberrimus. 
Character, Characieristicus. 
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CT: 

+ Coll. 
Cor. 

+ Cot. 
Cult. 
Dec. 
Desc. 

+ Des. 
Diff. 

+ Diss. 

+ Dum. 
Ed. 

+ Excl. 
Embr. 
Ess. 
Fam. 
Feb. 
Fil. 
FI. 
Fol. 
Fr. 
Fructif. 

+ Fun. 
Gen. 
Germ. 

+ Glar. 
H. 

Hab. 
Herb. 

+ Hexap. 
Hort. 

+ Hortul. 

t+ Hosp. 

+ Hum. 
Ic. 
1; 
Infl. 

4: avd: 
Ind. 


Inf. 
+ Inund. 


ABBREVIATIONS. 


Clarissimus, Classis. 

Collis, Collinus, Collectanea. 
Corolla, Corollarium. 
Cotyledon. 

Cultus, Cultura. 

December, Decas, Decandria. 
Descriptio. 

Desideratur. 

Differentia. 

Dissepimentum, Dissertatio. 
Dumetum. 

Editio, Editor, Edulis. 
Exclusio. 

Embryo. 

Essentialis. 

Familia. 

Februarius. 

Filamentum. 


Flos, Flumen, Floret, Floralis. 


Folium. 

Fructus. 
Fructificatio. 
Funiculus umbilicalis. 
Genus, Genericus. 
Germen. 

Glareosus. 
Herbarium, Habitat. 
Habitat, Habeo. 
Herbarium, Herba. 
Hexapodium. 
Hortus. 


Hortulanus, Hortulanorum, Hortulus. 


Hospes, Hospitator. 
Humidus, Humus. 


Icon, 6. bona, m. mala. p. picta. /. lignea, n. nigra. 


Illustratio, Illustris. 
Inflorescentia. 
Ineditus, Inedulis. 
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Indicus, India, a. australis, or. orientalis, occ. occident- 


alis, Index. 
Inferus. 
Inundatus. 
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Januarius. 

Julius. 

Junius, Junior. 
Juvenis, Juventus. 


Latus, Latitudo, Lateralis. 


Linea, Linearis. 
Litera. 

Littus, Litteralis. 
Longus, Longitudo. 
Loco citato. 
Loculamentum, Locusta. 
Majus. 

Mare, Marinus. 
Matutinus, Maturus. 
Martius. 

Montes, Montanus. 
Manuscriptum. 
Museum. 

Numerus. 

Naturalis. 

Nemus, Nemorosus. 
Numero. 


BOOK III. 


Nomen, gen. genericum, ¢riv. triviale, s. specificum, 
barb. barbarum, leg. legale, syn. synonymum. 


Octobris. 
Observatio, Observandum. 


Origo, Originarium, Oriens, Orientale. 


Ordo, Ordinarium. 
Ovarium. 

Pagina, Pars. 

Paludes, Paludosus. 
Pedunculus. 
Pericarpium. 
Perigonium, 

Petalum, Petiolus. 
Phyllum, Phyllodium. 
Pistillum, 
Pomeridianum, Pomum. 
Placenta. 

Pollen, Pollicaris. 
Primo vere. 

Radix, Radius, Radiatus. 
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Ram. 
+ Rec. 
Ss. 
Sep. 
+ Salt. 
Sect. 
+ Segm. 
Sept. 

+ Ser. 


Sem. 
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Ramus, Rameus, Ramosus. 
Receptaculum, Recapitulatio. 
Seu, Sive. 

Sepalum, Sepes. 

Saltus, Saltuarium. 

Sectio v. Divisio. 
Segmentum. 

September, Septum. 
Series. 

Semen, Semis. 

Siccum. 

Stamen, Stamineum. 
Stigma. 

Stipes, Stipula, Stipularis. 
Species, Specificus. 
Spontaneus. 

Sporula. 

Sporangium. 

Stylus. 

Subdivisio. 

Subvarietas. 

Superus. 

Sylvestris, Sylva. 
Synonymum, Synopsis, Synodus. 
Tabula, Tomus. 
Tepidarium. 

Tempestas, Temperatura, 
Tribus, Divisio. 

Trivialis. 

Turfosus. 

Volumen, Vide, Vel, Vulgo. 
Varietas. 

Vernalis, Vernaculum. 
Vertex, Verticalis. 

Vidi siccam cultam. 

Vidi siccam spontaneam. 
Vidi vivam cultam. 

Vidi vivam spontaneam. 
Vegetabile, Vegetatio. 
Viridarium, Vires, Viridis. 
Vesca, Vescarium. 
Viscosus, Viscositas. 
Volva, Volvaceus. 
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The following excellent Table of Abbreviations was con- 
trived by the late Mr. Ferdinand Bauer, to express all the 
subjects for which illustrations are required in botanical 
drawings. It is much to be regretted that these abbrevia- 
tions, which are in every way unexceptionable, are not uni- 
versally adopted for references to plates: they would not only 
form a common means of comparison between the figures of 
different authors, but would also keep continually within the 
view of artists the nature of the subjects they are employed 
to analyse. It may be added that the Table, if considered 
without reference to the abbreviations, is in itself an excellent 
sketch of the principal modes, degrees, and analogies of the 
regular morphosis, or developement, of fructification. When 
the letters used are capitals, they indicate that the object is 
magnified; when small, that it is of the natural size; when 
with a score (—) drawn beneath them, that it is less than the 
natural size. 


a. A flower before expansion. 

al. A flower expanded. 

b. The operculum of a flower; generally formed by the con- 
fluence of the calyx and corolla. 

C. The perianthium; the floral integument of monocotyle- 


donous plants, and the generally simple one of dicoty- 
ledones. (Corolla of Linnzus; calyx of Jussieu.) 

cl. External leaflets of the perianthium ; having generally the 
nature of a calyx. (Calyx of Linnezus.) 

c2. Internal leaflets of the perianthium, except c 3. and c 4. ; 
having usually the texture of petals. (Corolla of Lin- 
nus. ) 

c 3. The labellum, or its appendages. In Orchidez. 

c 4. The hypogynous scales of grasses. (Nectarium of Lin- 
nzus.) 

c4. Appendages of the perianthium. 

d. —s- The calyx. 

e: A monopetalous corolla. 

el. Petals. 

e 2. Appendages of the corolla. (Nectarium of Linnzus ; pa- 
rapetala of Ehrhart.) 

ts The discus, whether hypogynous or epigynous. 

fl. Scales or glands, whether hypogynous or epigynous. 
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Sexual organs combined in a column; in Orchidez and 
Stylidez. 

Sexual organs separate; the floral envelopes being re- 
moved. 

The stamens. 

An anther. 

Pollen. 

Pollen masses; in Orchidez and Asclepiadez. 

Sterile stamens. 

The corona of a tube of stamens ; in Asclepiadez. (Nec- 
tarium of Linnzeus.) 

The pistil. 

The ovarium. 

The stigma. 

The indusium of the stigma; in Goodenovie and Bruno- 
niacee. 

An ovulum. 

A compound fruit ; common to several flowers. 

Several distinct pericarpia; belonging to a single flower. 

Induvie; the remains of the flower, which either in- 
crease the fruit in size, or surmount it, or are adherent 
to it. 

Pappus. 

The calyptra of mosses. 

The pericarpium ; comprehending all its species, from the 
simple caryopsis of grasses. 

Pericarpium open. 

A dissepiment. 

Valves. 

An operculum. 

The peristomum of mosses. 

The placenta. (Receptacle of the seeds of Gertner.) 

Funiculus umbilicalis. 

The strophiola, or Caruncula umbilicalis. 

Arillus. 

The seed. 

Wing of the seed. 

Coma of the seed; in Asclepiadeze and Epilobium. 

Integument of the seed. 

Albumen. (Perisperm of Jussieu; Endosperm of Richard.) 

Vitellus ; in Scitamineze and Nymphza. 

The embryo. 
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Cotyledon. 

Plumula. 

Radicle. 

A leaf. 

The petiole. 

A stipula. 

Portion of the stem or scape. 

Inflorescence; comprehending all the species except the 
two following, s 1. and 2. 


A compound flower. 


The locusta of a grass (either one-flowered or many- 
flowered). 

The involucrum of an umbel, or a head. 

The involucrum of a compound flower. (Calyx communis 
of Linnzeus. ) 

Glume of grasses. (Calyx of Linnzeus.) 

Outer calyx of Malvacee, Dipsacez, Brunoniz. 

Involucrum of ferns. (Indusium of Swartz.) 

Bractee. 

Scales of a catkin. 

Palez. 

The paraphyses of mosses. 

The calyptra, when formed of connate bractez. 

Receptacle of a single flower. 

Common receptacle either of a compound flower, a catkin, 
or a head. 

Placed under one of the above (thus, t,*), shows that a part 
is expanded, or opened, by force. 

Indicates a vertical section (used thus, _ ). 

Indicates a transverse section (used thus, *.*). 
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PHYTOGRAPHY 5; OR, OF THE RULES TO BE OBSERVED 
IN DESCRIBING AND NAMING PLANTS, 


I now proceed to investigate the principles upon which plants 
are described and named. It would be impossible for any 
person to recognise a plant discovered by another, unless such 
a description of it were put upon record as should express all 
its essential features; and unless it were, at the same time, 
furnished with a distinctive name, it could never be subse- 
quently spoken of intelligibly. For these reasons, the mode 
of describing and naming plants is one of the most important 
practical subjects in the science. 

It may appear, at first sight, extremely easy to describe a 
plant, and we constantly find travellers and others attempting 
to do so in vulgar language; but their accounts are always 
so vague, that no distinct idea can be formed of the subject 
of their descriptions, which remains an enigma until some 
botanist, following their steps, shall happen to be able to put 
its characters into scientific language. 

The great object of descriptions in’ Natural History is to 
enable any person to recognise a known species after its sta- 
tion has been discovered in a classification; and also to put 
those who have not had the opportunity of examining a plant 
themselves into possession of all the facts necessary to acquire 
a just notion of its structure and affinities. 

There are two means of effecting this object; the one by 
means of detailed descriptions, the other by the aid of briefer 
abstracts of the most essential characters only. 
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CHAPTER LI. 


OF DIAGNOSES; OR, OF GENERIC AND SPECIFIC CHARACTERS. 


We have seen that plants are distinguished from each other 
by their characters: of the application of these characters we 
must now speak. Were each species to be characterised 
independently of other species, and to be described with all 
the minute circumstances of structure that belong to it, the 
progress of ivestigation would be too slow, and the length 
of time requisite to acquire information much too great :—for 
this reason, the process of enquiry has been simplified, by 
collecting in groups all those species which have certain great 
characters in common, and abstracting those characters, which 
then become the distinctions of classes: the species of a class 
are again collected into other groups, agreeing in some other 
common peculiarities, which are in like manner abstracted, 
and form the characters of orders. ‘Thus reduced in extent, 
the species of each order are submitted to the same process 
of combination; the characters by which they are combined 
become distinctive of genera; and the species are, finally, left 
shorn of the greatest part of their characters, which are thus 
reduced within a very narrow compass. Each plant has, 
therefore, four characters; or, if sub-classes, sub-orders, or 
other modes of division are adopted, as many separate cha- 
racters as there may be divisions. 

These characters are of two sorts; the one called essential, 
the other differential. ‘The former are the most commonly 
employed for orders and genera; the latter are chiefly used 
in discriminating species: the former are the most valuable, 
and will probably, in time, supersede the others, which convey 
little information, and are only useful in aiding us in our ana- 
lysis of large bodies of species: the latter are often called 
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definitions; but, as no definite limits can be traced between 
living things, a strict definition in natural history becomes 
impracticable, for which reason the term differential must be 
admitted instead. 

Differential characters express, in the least possible space, 
the distinctions between plants: they should contain nothing 
superfluous, nor any thing which can be considered implied 
by the contrasted characters of those with which they are to 
be compared. By this means the distinctions of species are 
brought into the least possible compass; and the analysis of 
their characters becomes so effectual, that a botanist is ex- 
pected to be able, without difficulty, to determine the exact 
station and name of any one of the 100,000, species supposed 
to exist. Nothing can sound better than this; but, unfortu- 
nately, the advantages of differential characters are not quite 
so great as would appear. In sacrificing every thing to 
brevity, it is found in practice that doubts and ambiguities 
are continually created ; and for this especial reason, among 
others, that differential characters must necessarily be framed 
upon a consideration of what we know, and not with reference 
to what we do not know: on this account, a differential cha- 
racter, constructed in the most unexceptionable manner by 
one botanist, may be unintelligible to another who possesses 
more knowledge, or a greater number of species. For ex- 
ample, when Linnzus framed the differential character of 
Rosa indica, ‘germinibus ovatis pedunculisque glabris, 
caule subinermi, petiolis aculeatis,” it probably distinguished 
that species from all others that he knew: but our acquaint- 
ance with roses is so much more extensive than that of Lin- 
neeus, that we have many roses to which his character is 
equally applicable. A differential character, moreover, conveys 
no information beyond that of the differences between one 
thing and another, and can be viewed in no other light than 
as a convenient method of analysis. For this reason, the 
essential character is more generally adopted at the present 
day, either to the exclusion of the differential character, or in 
union with it. 

The essential character of a plant expresses, as its name 
implies, those peculiarities which are known by experience to 
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be most essential to it; but admits nothing unimportant or 
superfluous, or that is common to all the species of the same 
genus, or to all the genera of the same order, or to all the 
orders of the same class. It may be said to comprehend the 
chief differences and resemblances of bodies. In drawing up 
essential characters, much discretion requires to be exercised : 
they may be over short, or over long; characters of import- 
ance may be omitted, and others of no importance intro- 
duced. Hence no better evidence need be desired of the 
merit of a botanist than his essential characters, — from which 
a practised eye will readily detect both how much the author 
knows, and what he does not know. As models of the man- 
ner in which these should be drawn up, no book can be 
consulted with more advantage than the Genera Plantarum 
of Jussieu, in which classical elegance of language, and as 
much rigid botanical precision as was supposed necessary at 
the time the work was written, are combined in a manner that 
has seldom been surpassed. ‘The defects of that work were 
inseparable from the state of botany at the time it appeared ; 
the characters of the genera and orders not embracing all 
those points of structure which are now known to be essential. 

The following character, assigned by Brown to the order 
Proteacex (Prodr. Fl. N. Holl. p. 363.), may be taken as a 
specimen of the manner in which an essential character of the 
briefest kind ought to be constructed : — 

“ Perianthium tetraphyllum vy. quadrifidum, eestivatione 
valvata. Stamina quatuor (altero nunc sterili), foliolis peri- 
anthii opposita. Ovarium unicum, liberum. Stylus simplex. 
Stigma subindivisum. Semen (pericarpii varii) exalbumino- 
sum. Lmbryo dicotyledoneus (quandoque polycotyledoneus), 
rectus. Radicula infera.” 

In this character enough is expressed to distinguish the 
order from all others; and, at the same time, by a careful 
suppression of all superfluous terms, it is reduced within 
exceedingly narrow limits. Such a character as this leaves 
nothing to be desired, when the essence only of a mass of 
characters is the object in view. 

The following, from the same author, is a specimen of an 
essential character of ACANTHACE&, of a more extended 


kind: — 
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“ Calyx 5—4—divisus, partitus v. tubulosus, aequalis v. in- 
eequalis; rard multifidus v. integer et obsoletus: persistens. 
Corolla monopetala, hypogyna, staminifera, plerumque irre- 
gularis; limbo ringente v. bilabiato, raro unilabiato; nunc 
subeequalis; decidua. Stamina sepius duo, antherifera, 
modo 4 didynama, brevioribus quandoque effcetis. Anthere 
v. biloculares, loculis insertione inaequalibus eequalibusve ; 
v. uniloculares; longitudinaliter dehiscentes. Ovarium disco 
glanduloso basi cinctum, biloculare loculis 2 polyspermis. 
Stylus 1. Stigma bilobum, raro indivisum. Capsula bilocularis, 
loculis 2 polyspermis, abortione quandoque monospermis, 
elastice bivalvis. Dissepimentum contrarium, per axin (medio 
quandoque apertam) bipartibile, segmentis valvulis adnatis 
modo ab iisdem elasticé dissilientibus, integris v. rard sponté 
bipartibilibus ; margine interiore seminiferis. Semina proces- 
subus subulatis adscendentibus dissepimenti plerumque sub- 
tensa, subrotunda: Testa laxa. Albumen nullum. Embryo 
curvatus v. rectus; Cotyledones magne, suborbiculate: 
Radicula teres, descendens, et simul centripeta, curvata v. 
recta; Plumula inconspicua . Herbev. Frutices, intra 
tropicos preecipu€ provenientes; pube, dum adsit, simplici, 
nune capitataé, rarissime stellaté. Lolia opposita, rard 
quaterna, exstipulata, simplicia, indivisa, integra v. serrata ; 
raro sinuata v. sublobata. Jnflorescentia terminalis v. axillaris, 
spicata, racemosa, fasciculata, paniculata v. solitaria. Fores 
in spicis ssepius oppositi, nunc alterni, tribracteati, bracteis 
lateralibus raro deficientibus, quandoque magnis foliaceis 
calycem nanum, interdum obsoletum, includentibus.” 

In this instance a much greater number of particulars is 
introduced than in the former; but still it comprehends 
nothing like all the characters that would be included in a 
general description. 

The following is also a specimen of a generic and specific 
character, from the same author. It shows the plan upon 
which the essential characters of genera should be constructed : 


“ Veronica L., Juss. 
“‘ Hebe Juss. 
“Calyx A-partitus, rarO 5-partitus. Corolla subrotata; 
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Tubus calyce brevior; Limbus 4-partitus, inaequalis, lobis 
indivisis. Stamina 2, antherifera, sterilia nulla. Capsula 
valvis medio septiferis v. bipartibilis . Herbee v. Frutices. 
Folia opposita, quandoque verticillata, v. alterna, sepe dentata 
v. incisa. Inflorescentia varia. Calyces ebracteati. 


“©§ 1. Capsula bipartibilis. 


“1. V. formosa, fruticosa, foliis perennantibus decussatis 
lanceolatis integerrimis glaberrimis basi acutis, ramis bifariam 
pilosiusculis, corymbis axillaribus paucifloris.” (Prodr. 434.) 

In these characters it is difficult to say which is most to be 
admired, — the skill with which every thing superfluous is re- 
trenched, or the ingenuity with which every thing essential is 
introduced. Nothing that is general to the order is intro- 
duced into the generic character; and nothing that the generic 
character comprehends is discoverable in the specific. By 
making the peculiarity of Capsula bipartibilis the distinction 
of a section, the necessity of introducing that circumstance 
into the specific characters of any of the species compre- 
hended in the section is avoided. 

Compare with this the following generic and specific cha- 
racters taken from Labillardiére’s Sertum Austro-Caledoni- 
cum: — 

“* MicrosEMMA; a genus of Ternstromiaceze (?). Calyx 
5-phyllus, rare 6-phyllus, persistens, foliolis tribus interiori- 
bus. Coronula petaloidea, petalis 10 — 12 distinctis. Stamina 
numerosa (30 circiter), hypogina, filamentis inter se basi 
subconnatis, antheris bilocularibus reniformibus. Germen 
globulosum, superum, stylo simplici, stigmate 5-6-fido. Cap- 
sula ovata, 10——12—locularis, valvis medio septiferis, 10—12 
— valvis. Semina solitaria, in summo valvularum intus affixa, 
perispermo carnoso, radiculd supera.” (P. 58.) 

Upon this character it may be observed, that the calyx is 
described awkwardly, and at a greater expense of words than 
is necessary: if he had said, calyx 5-6-phyllus imbricatus, 
the same idea would have been expressed: raré should be raro. 
In the next place, ‘coronula petaloidea” is a bad term, con- 
veying no precise notion of the organ it is intended to de- 
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signate. Whatis acoronula? If it is a row of petals, why 
call it otherwise? And it appears to be so, because it is imme- 
diately afterwards described as consisting of 10—12 distinct 
petals. In the next sentence, hypogina is misspelt; and the 
anthers are said to be bilocular and reniform, a character by 
no means essential; while their being covered with glandular 
dots, and the mode of their attachment to the filament, both 
of which should have been introduced, are omitted. Again, the 
germen, meaning the ovary, is said to be globulose: what is 
globulose ? Is it bullet-shaped, or round and small? If the 
former, the term is inapplicable; if the latter, the meaning 
is not expressed : it probably was intended for “ subglobose.” 
The capsule is said to be ovate, a quality of no consequence if 
it existed; but not true, inasmuch as it appears from the figure 
to be round. ‘The construction of what follows is what we 
call in English putting the cart before the horse: instead of 
*“‘valvis medio septiferis 10—12 valvis,” it should have been, 
“¢ 10—12 valvis, valvis medio septiferis ;” and all that is said 
about the attachment of the seeds might have been better 
expressed by two words, “‘semina pendula.” It is said that 
they are attached to the top of the valves, in the inside: did 
any one ever hear of seeds being attached to the outside? 
Let the character be properly cut down, and see what remains 
of it. 


MicrosEMMA. 


“ Sepala 5—6, imbricata, persistentia. Petala 10—12. Stamina 
numerosa, hypogyna, submonadelpha: antheris bilocularibus. 
Ovarium superum ; stylus simplex ; stigmata 5—6. Capsula 
10-12-locularis, valvis totidem loculicidis; semzna solitaria 
pendula; albumen carnosum ; radicula supera.” 

But it is not in inaccuracy of language alone, or in the 
misplacing the members of a sentence, that an essential 
character may be defective: it may be expressed with a good 
selection of terms, and a due attention to arrangement; but the 
terms may be wrongly applied, or important characters may 
be omitted, or the author may not understand the structure 
of what he is describing. Take, as an instance, the following 
character of Carex, by the late Sir James Smith :— 
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“ Barren flowers numerous, aggregate, in one, or more, 
oblong, dense catkins ; their scales imbricated every way. Calyx 
a single, lanceolate, undivided, permanent scale to each floret. 
Corolla none. Filaments 3, rarely fewer, capillary, erect or 
drooping, longer than the scales. Anthers vertical, long, 
linear, of 2 cells. 

‘s Fertile flowers numerous, in the same, or more usually in 
a different, catkin, very rarely on a separate plant. Calyx as 
in the barren flower. Corolla a single, hollow, compressed, 
ribbed, often angular, permanent glume to each floret; con- 
tracted, mostly cloven, and often elongated at the extremity. 
Germen superior, roundish; with three, rarely but two, angles, 
very smooth. Style one, terminal, cylindrical, short. Stigmas 
three, more rarely two only, awl-shaped, long, tapering, downy, 
deciduous. Seed the shape of the germen, with unequal 
angles, loosely coated with the enlarged, either hardened or 
membranous, permanent corolla, both together constituting 
the fruit.” 

This character is carefully written, but full of inaccurate 
and confused applications of terms. The term catkin should 
be spike; for a catkin is deciduous, a spike persistent: and 
the inflorescence in Carex is of the latter kind. In the next 
place, what is called the calyx is a bract. What is called the 
corolla of the fertile flowers is two confluent bracts; and, 
therefore, not a single glume, but a double one. Finally, 
what is called the seed is the pericarp: in the young state 
it is called the germen, which is equivalent to ovary; but, 
by the time the ovary is ripe, it is metamorphosed into a 
seed. 

Inaccuracies of this kind not only disfigure botanical writ- 
ings, but very often lead the inexperienced botanist into errors 
and misconceptions. 

In constructing essential and differential characters, it is 
customary to use the nominative case for genera and orders, 
and the ablative for species; but in English the nominative 
only is employed in both cases. 
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CHAPTER II. 


OF DESCRIPTIONS. 


WE have seen that the principal characters of a plant can 
be comprehended in the essential and differential charac- 
ters. But, as these contain only such peculiarities as are 
supposed to be most essential, a great number of circumstances 
are omitted from them which, in the view of the botanist 
drawing them up, may appear unessential, but which to 
another may seem of the first importance. On this account, 
a plant cannot be considered completely known until a full 
description of every part shall have been obtained. In this 
description every circumstance connected with the external or 
internal organisation should be included, and a full state- 
ment made of all the peculiarities of every part, however 
obscure or difficult to observe. It is upon descriptions 
ot this kind that systematic botany is based. Essential and 
differential characters are only relative to the degree of know- 
ledge of the person who prepares them: a description is in- 
dependent of all relative knowledge; it exhibits a plant as it 
actually is, without reference to its resemblances or differences. 
The former are adapted to the state of knowledge of a parti- 
cular era; the latter, if complete, to that of all eras. 

Notwithstanding their importance, descriptions of this kind 
are very rare: they occupy too much space in books to be 
inserted conveniently; they are difficult to draw up; and it 
seldom happens that an observer has the means of describing 
every part of a plant: the root, or the fruit, or the flower, or 
some other part, is probably not to be procured; and this 
renders a description, even in the best hands, necessarily 
imperfect. 

In drawing up a description, care must be taken that every 
term is used in its strict sense; that all is perspicuous and free 
from ambiguity ; and that the different parts are described in 
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their just order, beginning with the root, and ending with the 
fruit. ‘The following is the form in which a perfect descrip- 
tion would be prepared: it shows the order in which the dif- 
ferent parts are spoken of, and the points of structure to 
which it is desirable to advert. ‘The student will do well to 
consult it carefully: he should take common plants, the de- 
scriptions of which he can find in books, and, for the sake of 
exercise, describe them himself according to this form ; com- 
paring them afterwards with the printed descriptions of 
botanists. A number of the points which I think it necessary 
to describe are usually overlooked by others, as unimportant, 
or as too difficult to ascertain: these I have marked with 
an asterisk; so that those points which are commonly ad- 
verted to may be distinguished from those that are usually 
omitted : — 

Root. Its figure, quality, substance, duration, and *ana- 
tomical internal analysis. 

Stem. Its figure, direction, duration, articulation, ramifica- 
tion, size, surface, and * internal analysis. 

Leaves. ‘Their *vernation, *internal structure, figure, 
articulation, insertion, margin, surface, venation, direction, 
colour, texture, and size. | 

Petiole. Its form, surface, and the proportion it bears to 
the leaf. 

Stipule. ‘Their position, texture, surface, insertion, dura- 
tion, figure, and proportion to the petiole. 

Inflorescence. Its nature, order of developement, ramifica- 
tion, position, and proportion to the leaves. 

Bractee. ‘heir numbers, figure, station, proportion to the 
adjacent parts, surface, texture, * venation. 

Flowers. ‘Their order and time of expansion. 

Calyx. Its structure, figure, station with respect to the 
ovary and the axis of inflorescence, surface, eestivation, odour, 
size, proportion to the corolla, colour, and venation. 

Corolla. Its structure, figure, station with respect to the 
ovary and axis of inflorescence and adjacent parts, sur- 
face, eestivation, size, colour, proportion to the calyx and 
stamens, and venation. 

Stamens. Their number, direction, sstivation, station with 
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respect to the petals, insertion, proportion to the ovarium and 
corolla; whether separate, or combined in several parcels ; 
whether in one series or several, of equal or unequal length. 
Filaments, their form, length, and surface. Anthers, their mode 
of insertion on the filament; dehiscence with respect to the 
axis, whether inwards or outwards, and, with respect to 
themselves, whether transversely or longitudinally, by pores, 
or otherwise; their form; *structure of the endothecium ; 
surface, colour, size; the proportion they bear to the size of 
the filaments, the number of their valves, the nature of the 
connectivum. 

Pollen. Its colour, form, size, surface; whether distinct or 
cohering; and * mode of bursting. 

Disk. If present, its size, figure, texture, and station. 

Ovary. Its apparent, as well as theoretical, structure; 
the position of its carpels with respect to the organs around 
it; its surface; mode of division; number of ribs, if any; 
veins; cells. Ovules, their number; insertion upon the 
placenta; position with respect to the axis of the ovary ; 
the situation of their foramen. Styles, their number, length, 
figure, surface, direction, and proportion. Stigmas, their 
number, form, and surface. 

Fruit. Its texture, form; whether naked, or covered by the 
remains of the floral envelopes; whether sessile or stipitate ; 
mode of dehiscence, if any ; number of its valves and cells; situ- 
ation of the placentze; nature of its axis; number of its seeds. 

Seed. Its position with respect to the axis of the fruit, 
mode of insertion, form, surface; the texture and nature of 
the testa, aril, and other appendages, if any; * position of 
the raphe and chalaza. Albumen, its texture, if any. Embryo, 
its direction ; position with respect to the axis of the fruit, to 
the hilum of the seed, and to the albumen; the proportion it 
bears to the mass of the latter; the form of its cotyledons and 
radicle; *its mode of germination. 

The medical and economical qualities. 

Its distribution on the surface of the earth. 

The points in which it agrees or disagrees with other species. 

Descriptions, it must be observed, are of two kinds, collec- 
tive and specific: the former explaining minutely the characters 
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common to several species, as in an order or a genus; the 
latter, the character of one species only. The difference be- 
tween these two, and the manner of applying each of them, 
will be best understood by the following examples. 

The following mode of fully describing an order is taken 
from Adolphe Brongniart’s excellent memoir on Ruam- 
NEA! — 

* Calyx monophyllus 4—5-fidus, externe seepitis villosus. 
Tubus expansus subplanus, hemisphezericus, urceolatus, cam- 
panulatus vel subcylindricus, liber, vel inferits ovario adnatus, 
vel cum eo omnino coherens; interius nudus, vel in pluribus 
disco carnoso aut fauci limitato, aut in laciniis effuso, tectus. 
Laciniz ovate, triangulares, rarius subulatee, acute, interits 
subcarnosze, in pluribus in medio linea carnosé prominente 
notatee, et apice callosze ; in preefloratione valvatim applicate. 

‘‘ Petala cum calycis laciniis alternantia, ejusque fauci inserta, 
seepits sub margine disci affixa, unguiculata, ungue plus mi- 
nusve longo. Lamine rarius patentes, planze, superitis integree 
vel emarginate, in plerisque concavee, convolute vel cucul- 
latee, stamina vel eorum filamenta involventes, in pluribus 
nullz. Przefloratio complicata. 

“Stamina petalis opposita. Lilamenta calycis fauci vel 
margini disci inserta, et cum unguibus petalorum basi seepius 
coherentia, laciniis calycis breviora. Anthere in _petalis 
cucullatis recondits, vel ¢ petalis convolutis exserte, parte 
media vel inferiori dorsiad apicem filamenti affixee, versatiles, 
introrse (rarissime extrorsze) ; vel ovatee, biloculares, loculis 
parallelis, aut basi divergentibus, rima longitudinali dehiscen- 
tibus; vel reniformes, uniloculares (loculis superius confluen- 
tibus), rima simplici arcuata bivalvim hiantes. Pollen siccum 
ellipticum, sulco secundum longitudinem notatum; madefac- 
tum spheericum, leeve, vel trimamillosum. 

Discus forma maxime varians, in Colletid parvus, fundumque 
tubi calycis occupans ; in plerisque tubum calycis strato plus 
minusve crasso tegens ejusque formam accipiens (in Zizypho, 
Paliuro, Ventilagine, Hovenia, Colubrina, subplanus, penta- 
gonus, angulis ad insertionem staminum emarginatis; in 
Rhamno, Sageretia, Scutid, urceolatus vel cupuleformis), et 
fauci margine distincto limitatus; in aliis (Zetanilla, Cryp- 
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tandra, Phylicd, 4 plerisque auctoribus ut disco destitutis 
descriptis) super lacinias calycis etiam effusus, ejusque super- 
ficiem interiorem a fundo usque ad apicem laciniarum sub- 
stantid carnosa incrustans; an in quibusdam nullus? (in 
Pomaderri et Cryptandre speciebus;) margine petalis stamini- 
busque insertionem preebens. 

Ovarium liberum, disco plus minisve immersum, vel caly- 
cis tubo semi-adhzerens, seu omninod adherens; ovatum vel 
subglobosum, bi-triloculare, rarissimé quadriloculare (in qui- 
busdam Rhamnis) ; loculis monospermis. 

Ovulum in quolibet loculo solitarium erectum é fundo 
loculi natum, sessile vel podospermio brevi suffultum. Podo- 
spermium, dum adest, ante evolutionem floris angustum, nec 
foramen teste tegens, ad anthesin superius dilatatum, et ut 
cupula parva basin ovuli foramenque amplectens, celluloso- 
spongiosum, vasibus raphes percursum. Testa leevis vel dorso 
(in Rhamnis) sulco profundo notata, inferius prope hilum 
perforata. Foramen in ovulis sessilibus mammillz albidze en- 
docarpii respondens, in pedicellatis cupula spongiosa podo- 
spermi tectum, nec ei adherens. Membrana teste é stratis 
tribus formata, exterius cuticulatum tenuissimum, medium 
transverse fibrosum, testam seminis producturum, interius 
spongiosum, primum maximam partem ovuli occupans, dehine 
incremento nuclei evanescens, raphes vasa continens. Mem- 
brana interior albida, tenuis, primum libera, deindé teste 
plus minusve adheerens (in Pomaderri semi-adnata, in Phylicis, 
Rhamnis aliisque pluribus omnino adnata), circum chalazam 
superius affixa, inferius tubulosa, perforata, tubulo in fora- 
mine teste incluso. Chalaza superius notata, é duplici strato 
(ut in omnibus seminibus) formata; exterius vasculosa, va- 
sorum raphes expansione producta, testze inserta ; interius 
spongiosa, in ovulo semi-evoluto fuscescens, nuclei membrana 
continua. Nucleus subcylindricus, liber, superius chalazz 
affixus, pendulus, inferius in mammilla brevi, foramine inclusa, 
productus; interius laxé cellulosus, in medio sacculum amnii 
continens, é mammilla usque ad chalazam extensum, in cujus 
cavitate granula parva natant; prope mammillam embryo 
sub forma globuli spheerici primum visus est. 

Fructus subspheericus, liber vel calyce adnato plus mintsve 
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tectus; pericarpium exterius carnosum, drupaceum, spon- 
giosum vel siccum tenuissimum; interius (endocarpium) 
fibrosum, durum, plus minusve crassum; aut lignosum inde- 
hiscens, nucem 2—3-locularem (seu abortu unilocularem), seu 
nuculas 2 — 3 distinctas efformans; aut crustaceum dehiscens, 
capsulam tricoccam producens, coccis interius et inferius rima 
longitudinali dehiscentibus. 

** Semen in quolibet loculo solitarium, erectum, sessile vel 
podospermio brevi cupuleeformi suffultum. Testa levissima, 
fusca, fibrosa, crustacea vel membranacea (in fructibus lignosis, 
ex. er. Zizyphis), raphe laterali interius notata, vel raphe dor- 
sali, sulco profundo exteriori inclusa superiusque testam per- 
forante, preedita (in Lthamnis). Chalaza, ut in ovulo. Nucleum 
membrana propria, libera vel testae subadhzerente, inclusum. 
Lindospermium carnosum, flavescens, cellulosum, lateribus 
embryonis applicatum. mbryo magnus, semini subcon- 
formis, sed magis compressus, flavescens vel virescens, cotyle- 
donibus planis applicatis, carnosis ; radicula brevi infera. 

‘“* Arbores, frutices vel suffrutices, ramulis in pluribus spine- 
scentibus. Folia simplicia, alterna, subopposita, vel rarius exacté 
opposita (in Colletiis), penninervia vel triplinervia, sparsa vel 
subdisticha, basi sepius bistipulata, stipulis parvis, caducis vel 
spinescentibus et persistentibus (in Zizyphis, Paliuro). Flores 
axillares, solitarii, fasciculati, umbellati, vel cymosi, rarius 
spicati, in spicis simplicibus vel interruptis (ramulis nudis), 
glomeratim dispositi (in Sageretia, Gouania, Ventilagine), in 
quibusdam paniculas terminales efformantes (in Ceanotho, Ber- 
chemia, Pomaderri), vel glomerati seu capitati (in Cryptandra, 
Phylica, &c.)” 

As an instance of a somewhat different mode of describing 
an order, the following natural character of AMARANTACEX, by 
the learned Dr. Von Martius, may be studied with advantage : 
it exhibits the manner in which characters are valued by the 
Botanists of Germany : — 

‘Flores hermaphroditi, raro diclines: dioici aut abortu 
polygamo-monoici, aut singuli aut nonnulli glomerati bracteati. 
Perianthium hypogynum, liberum, persistens, duplex, utrumque 
compagine simile, exterius (calyx) diphyllum, nune deficiens 
(evanescens) ; interius (corolla) pentaphyllum, petalis distinctis 
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aut raro connatis; rarissime triphyllum. Stamina hypogyna, 
quina, aut quinario numero dupla aut multipla, raro pauciora, 
ultra quinque vix fertilia, uniserialia, nunc distincta, nunc 
monadelpha, in cupulam aut in tubum connata; filamentis 
fertilibus petalis oppositis; antheris medio dorso affixis, nunc 
didymis bilocularibus, nunc unilocularibus, longitudinaliter 
medio antice dehiscentibus, polline globoso, minuto, creber- 
rimo. Pistillum unicum. Ovarium simplex, mono aut oligo- 
spermum, ovulis funiculo centrali libero appensis. Stylus 
unicus vel nullus, ex ovario transiens s. continuus, et in utri- 
culo (plerumque) persistens. Stigma simplex vel multiplex. 
Pericarpium: Utriculus membranaceus, evalvis et irregulariter 
dehiscens, aut circumscissus mono aut oligospermus. Semina 
lentiformia, subglobosa v. elliptica, ad hilum emarginata, ver- 
ticaliter appensa; testa crustacea, membrana interna tenui. 
Albumen centrale, farinaceum. Embryo periphericus, arcuatus; 
cotyledonibus plano-convexis incumbentibus; plumula incon- 
spicua; radicula umbilicum spectante. 

“ Herbe aut suffrutices ramosee vel ramosissimee, caule tere- 
tiusculo, rarius angulato, humiles aut diffuso-incumbentes 
aliis vegetabilibus. 

‘“‘ Folia opposita vel alterna, simplicia, saepe breviter petio- 
lata, integra, subintegerrima uninervia, venis subparallelis com- 
binatis, venulis creberrimé reticulatis, exstipulata. 

*“* Flores pedicellis brevissimis subsessiles, sicciusculi, scariosi 
et quasi glumacei, glomerati, capitati vel spicati, colore vario. 
Pubes frequens, septata, articulata aut ganglionea, plerumque 
simplex, raro stellata. 


“ Fivolutio. 


* Cotyledones epigeese, integerrimee, glaberrimee, subsuc- 
cose, in alternifoliis nonnunquam obliqué oppositee, in op- 
positifoliis basi conjugate. Radicula subsimplex, fibrillosa 
et Cauliculus crassiusculi, internodio primario seepé elongato. 
Folia plumule vernatione sursum complicata. Gemmatio: 
Gemmis nudis. Alstivatio calycina equitans. Aistivatio 
corollina interdum apice aperta (dum corolla calyce inclusa), 
quincuncialis: duobus tribusve petalis exterioribus, sibi later- 
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aliter imbricatis et interiores subvalvulares, vel hinc imbricatas 
plus minusve tegentibus. 

“* Aistivatio staminea erecta, pistillo ante anthesin szepé sta- 
mina superante, postea incluso. Prolepsis florum composita et 
indeterminata (Link). Anthesis sursum peracta. 


** Propagatio. 


“© Antherarum dehiscentia simultanea, completa, antheris 
effoetis explanatis vel tortis et versatilibus. Stigma pollen 
papillis pilisque affigens, dum divisum sensim sensimque ex- 
pansum. Dz¢sseminatio aut floribus integris super pericarpium 
semenque clausis decidentibus, szepé ope lanz involventis voli- 
tantibus, seminibusve aut ex utriculo circumscisso libere aut 
una cum utriculo delabentibus. 


** Metamorphosis. 


‘¢ Folia sursum magnitudine decrescentia, floralia nunc 
reliquis minora, nunc omnino deficientia aut in squamas ad 
divisiones florescentize mutata, bractearum sub specie con- 
tracta, sicca, scariosa atque calycis foliolis similia. Foliolorum 
calycinorum fabrica et species quasi repetita in petalis vix 
in orbem regularem dispositis, orbe non nisi in staminum 
monadelphorum perigynia absoluto. 

“© Metamorphosis retrocedens s. negativa in florum glomerulis, 
nonnullos flores in gemmulas spinosas coércens. 

“* Tuxuries caules rachesque florum fasciatos vel florum 
diclinorum hermaphroditismum incompletum sistens, aut 
semina in corpuscula vacua caudata extenuans. 


Qualitas. 


“‘ Herbe, preesertim junioris, folia textura laxiuscula molli, 
elementis mucilaginosis, saccharinis et fibrosis pollentia ideo- 
que oleracea. Semina farinacea, amylo et muco pollentia. 
Virtus nutriens, emolliens, demulcens, in systema lymphati- 
cum przevalens. Unicz hucusque speciei cognite, Gom- 
phrene officinalis Mart., radix antidotalis, tonica, stimulans. 
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* Statio et Habitatio. 


“ Plantee et gregarie et solitarize ; plures diffusae villosiores 
in siccis lapidosis arenosisve apricis regionibus, alize erectze 
vel super alia vegetabilia decumbentes, pube rariore adspersz, 
in sylvarum marginibus lucisque primeevis vivunt: nonnulle 
subsalsa maritimaque diligunt loca; in depressis, haud multum 
super oceanum elevatis, frequentiores ac in montanis. Ob- 
viam venit hee plantarum familia in utroque hemispherio ; 
sub ipsa Adquatore rarius, inde si versus Polos procedas, 
utrinque frequentior, ita ut ejus vis versus ‘Tropicas augeri 
videatur. Cujusvis generis Plaga ampla, aliis Americe, 
Asize, Novee Hollandiz peculiaribus, aliis paucissimis com- 
munibus, paucis hucusque Europezeis et Africanis.” 

As an example of a full description of a species, the follow- 
ing account of Cephaelis Ipecacuanha is taken from Von 
Martius’s Materia Medica Brasiliensium : — 

** Radix perennis, simplex vel in ramos paucos divergentes 
divisa, oblique terram intrans, flexuosa, torta, 4—6 pollices 
longa, raro longior, pennam anserinam circiter crassa, versus 
basin et apicem plerumque paulo attenuata, annulata, annulis 
ut plurimum ultra dimidiam radicis crassitiem latis insequa- 
libus; passim fibras agens tenues, flexuosas, simplices vel 
parum divisas in fibrillas patentes epidermde laevigata, glabra, 
in planta viva dilute fusca, in sicca umbrina et tandem um- 
brino-nigricante vel griseo-fusca obductas ; cortice seu paren- 
chymate, quod annulos exhibet, zequabili, primum molliusculo, 
subamylaceo, albo, tandem siccescente pallide rubente vel 
testaceo-roseo, resinoso-splendente, facilius a filo centrali 
lignoso tereti dilute flavido secedente, idque passim in con- 
spectum dante. 

“¢ Caulis suffruticosus, 2—3 pedes longus, adscendens, inter- 
dum declinatus inque terra latitans, passim nodosus et e nodis 
radices agens reliquis similes, ut plurimum simplices, teres, 
crassitie pennee anserinz vel cygneze, vel simplicissimus, vel 
adultior ramos paucos sarmentoso-emittens ; epidermide cras- 
siuscula lzevigata vel longitudinaliter rimis aperta, in parte 
subterranea fusca, in parte extraterranea inferiore foliis desti- 
tuta cinereo-alba glabra, in superiore viridi pubescente. 
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** Folia in apice caulis ramorumque 4—6, rard plura, oppo- 
sita, subhorizontaliter patentia, petiolata, oblongo-obovata, 
acuta, versus basin attenuata, margine integerrima vel obiter 
subrepanda, 3—4 pollices longa, 1—2 lata, uti pars suprema 
caulis et ramorum pilis brevibus adpressis scabriuscula, ob- 
scure viridia, subtus pallida, nervo medio venisque lateralibus 
ibidem prominentibus percursa. 

“¢ Petioli semiunguiculares, semiteretes, supra pauld canali- 
culati, pubescentes. 

** Stipule petiolos connectentes, erectee, adpressee, basi 
membranacee superneé utrinque in lacinias setosas 4—6 fissee, 
marcescentes et cum foliis deciduee. 

** Pedunculi solitarii, axillares, teretes, pubescentes, floriferi 
erectiusculi, fructiferi refracti, unciam et ultra longi. 

“* Flores in capitulum involucratum semiglobosum collecti, 
8—12, raro plures, in quovis involucro, singuli bracteati. 

** Involucrum commune monophyllum, patens, profunde 4— 
rarlus 5—6—partitum, in lacinias obovatas brevi acumine ter- 
minatas ciliatas. . 

“ Bractee (s. involucrum partiale) pro singulo flore singule, 
ovato-oblongee, acutee, pubescentes. 

* Calyx ovario adnatus, minutus, obovatus, albidus, extus 
pubescens, superne sectus in dentes 5 breves obtusiusculos 
erectos. 

* Corolla alba, infundibuliformis, tubo cylindrico vix sur- 
sum dilatato exttis et in fauce tenuissimé pubescens, limbo 
quam tubus duplo breviore, in lacinias 5 ovatas acutiusculas 
patenti — reflexas diviso. 

“¢ Stamina 5. Filamenta filiformia, alba glabra, in tubi parte 
superiore adnata. Anthere lineares, quam filamenta paulo 
longiores, nonnihil exsertz. 

“‘ Ovarium calyce inclusum, obovatum, in vertice disco car- 
noso medio umbilicato albido notatum. Stylus filiformis, 
longitudine tubi corollini, albus. Stigmata 2, linearia, obtusa, 
patentia. | 

‘“‘ Bacca ovata, obtusa, magnitudine vix semen Phaseoli multi- 
flori sequans, primum purpurea, dein violaceo-atra, carnosa, 
mollis, calyee parvo non ampliato coronata, bilocularis, dis- 
sepimento longitudinali carnoso, disperma. 
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“ Nucule 2, hinc convexe inde plane ibidemque sulco tenui 
exaratee, pallidee, testacese, glabra. Nucleus albus, albumine 
corneo, embryone erecto subclavato.” 

A briefer and comparative mode of describing species is, 
however, more frequently employed; of which the following 
of Hypericum perforatum, from Sir James Smith’s English 
Flora, is a good instance : — 

“‘ Root woody, somewhat creeping. Stem taller than the 
last (H. quadrangulum), and much more bushy, in consequence 
of the much greater length of its axillary leafy branches: 
its form round, with only two opposite ribs or angles, not so 
acute as those of H. quadrangulum. ‘The whole herb is more- 
over of a darker green, with a more powerful scent when rub- 
bed; staining the fingers with dark purple, from the greater 
quantity of coloured essential oil lodged in the herbage and even 
in the petals. Leaves very numerous, smaller than the last ; 
elliptical, or ovate, obtuse, various in width. lowers bright 
yellow, dotted and streaked with black or dark purple ; 
numerous, in dense, forked, terminal panicles. Calyx narrow. 
Styles short, erect. Capsule large, ovate.” (English Flora, 
ili. 325.) 

In order to show the materials from which a plant is de- 
scribed, it has become customary to add, immediately after 
the indication of its native country, within a parenthesis, cer- 
tain explanatory abbreviations; such as v. s. sp. (vidi siccam 
spontaneam), meaning that a wild specimen has been exa- 
mined ina dried state; or v. s. c. (vidi siceam cultam), meaning 
that a cultivated specimen has been examined in a dried state ; 
v. UV. sp. (vidi vivam spontaneam), meaning that it has been 
seen wild in a living state; or v. v. c. (vidi vivam cultam), 
meaning that it has been seen cultivated in a living state; and 
the like. These are useful things‘ to know, because it enables 
a reader to judge of the goodness of the materials from which 
an author has been describing. But they are capable of 
much improvement. It now appears, indeed, whether a 
plant has been seen alive or dried, wild or cultivated, but we 
have nothing to show what the nature of the examination has 
been to which it has been subjected in either case. A plant 
may have been seen alive, and not examined or analysed until 
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it was dried; another may have been inspected in a dried 
State, without having been analysed; or, if analysed, the ~ 
analysis may have been very imperfect: no examination may 
have been made of the interior of the ovary, of the fruit, or 
of the seed; all points upon which it is useful to possess in- 
formation. It is, therefore, desirable that some alteration, or 
rather extension, of these abbreviations, should be contrived, 
something after the following manner: —¥v. »v. et ex. fl. ov. 
fr. s.. seen alive; examined, flower, ovarium, fruit, and seed: 
if all these are named, they will all have been examined; 
if part only, then the other parts will be understood not to 
have been examined. The great necessity of making some 
such addition as this, will, [am sure, be felt by every one 
accustomed to consult botanical works. At all events, it is 
indispensable that it should be stated whether a plant has 
been examined sufficiently, as well as seen ; because merely to 
inspect a plant in a herbarium will often enable the observer 
to form but a very imperfect idea of its organisation. For 
this reason I have introduced the abbreviation exam. (exam- 
inavi) into some of my own works, thus : — 

‘Habitat in Mexico; Pavon. (exam. s. sp. in Herb. 
Lambert.)” 

Connected with this subject is the mode of stating the 
native countries of plants, and of citing the authorities upon 
which the statement is made. For this purpose the two rules 
of De Candolle are unexceptionable. 

1. If you have yourself seen a specimen collected in its 
native country, then the name of the collector, which is 
placed immediately after that of the country, is printed in 
italics: but, 2. If you have no other authority for the habit- 
ation than some printed book, or manuscripts, then the name 
of the author from whom you derive your information is 
printed in Roman characters ; thus : — 

Hab. in Mexico, Graham; Caribeeis, Jacquin; Florida, 
Frazer ; Louisiana, Rafinesque. 

Here it is seen that you have examined Mexican specimens 
collected by Mr. Graham, and Florida ones from Frazer ; 
but that you trust to the writings of Jacquin and Rafinesque 
for its being also found in the West Indies and in Louisiana. 
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CHAPTER III. 
OF PUNCTUATION. 


As the principle of composing and punctuating generic and 
specific characters, and descriptions, when written in Latin, 
differs from that employed in ordinary composition, a few rules 
upon the subject may with propriety be introduced here. 

In the characters of classes, orders, or genera, the nominative 
case is employed, the ablative being only occasionally intro- 
duced: each adjective is separated by a comma; and the 
different members of a sentence by a semicolon, or a period ; 
as * Perianthium deciduum. Ovarium liberum, sessile, mono- 
spermum, ovulo erecto. Stylus brevissimus. Stigma sublo- 
batum. Semen nucamentaceum, arillo multipartito. Albumen 
ruminatum, sebaceo-carnosum.” 

Or, — 

“ Perianthium deciduum. Ovarium liberum, sessile, mo- 
nospermum, ovulo erecto ; stylus brevissimus ; stigma subloba- 
tum. Semen nucamentaceum, arillo multipartito; albumen 
ruminatum, sebaceo-carnosum.” 

The latter is the better of the two, because the semicolons 
show that the parts connected by them all form a portion of 
the same organ; while, if the period is exclusively used, it 
would appear as if the parts divided by it were all so many 
distinct organs. 

In specific characters, it is customary to employ the ablative 
case ; not to separate the adjectives that belong to the same 
noun by any point; to use commas to divide the members of 
the sentence; to employ the colon to indicate when a new 
sentence forms a part of that which precedes; and to exclude 
the semicolon altogether, or to employ it to sepafate adjec- 
tives in the nominative case, when such are introduced, as is 
sometimes the case, from the ablative part of the character. 
Thus we write, — 
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*‘ Stemodia balsamea, caule procumbente, ramis subhirsutis, 
foliis ovatis obtusis basi in petiolum brevem angustatis glabris: 
floralibus conformibus, floribus axillaribus sessilibus solitariis 
vel utrinque 2—3 glomeratis, calycibus 5-partitis: laciniis lan- 
ceolato-subulatis.” 

And not, — 

*‘ Stemodia balsamea, caule procumbente, ramis subhirsutis, 
foliis ovatis, obtusis, basi in petiolum brevem angustatis, gla- 
bris, floralibus conformibus, floribus axillaribus, sessilibus, 
solitariis, vel utrinque 2—3 glomeratis, calycibus 5-partitis, 
laciniis lanceolato-subulatis.” 

If this character were punctuated in the latter manner, it 
would not be certain whether or not laciniis referred to calyx, 
or to any thing else; in the former case it is distinctly in- 
dicated. 

If a semicolon is introduced into a specific character, it is 
when an adjective in the nominative case immediately follows 
the specific name, preceding all that part that is in the abla- 
tive: thus,— 

‘“‘ Gesneria misera, procumbens; foliis obovatis villosis,” &e. 

In detailed descriptions, the mode of composing and punc- 
tuating is much the same as in the characters of genera; 
the nominative case being chiefly used, and commas being 
placed between each adjective. ‘The members of a sentence 
are divided by semicolons; and if colons are employed, it is 
in the same sense as in specific characters. 

Although such are the most approved rules of punctuation, 
yet it must be confessed they are little attended to by many 
botanists; although it cannot be doubted that they tend very 
much to perspicuity and precision of language. 
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CHAPTER IV. 


OF NOMENCLATURE AND TERMINOLOGY. 


Tue following are the canons instituted by Linnzeus, with 
reference to this subject. They are what guide the botanist 
in his doubts; and, although exceptionable in some points, as 
will hereafter appear, are, upon the whole, well deserving of 
attention and respect. 

1. The names of plants are of two kinds; those of the class 
and order, which are understood; and of the genus and species, 
which are expressed. ‘The name of the class and order never 
enter into the denominations of a plant. 

2. All plants agreeing in genus, are to have the same 
generic name. 

3. All plants differing in genus, are to have a distinct ge- 
neric name. 

4, Each generic name must be single. 

5. Two different genera cannot be designated by the same 
name. 

6. It is the business of those who distinguish new genera 
to name them. 

7. Generic names derived from barbarous languages ought 
on no account to be admitted. 

8. Generic names compounded of two entire words are 
improper, and ought to be excluded. Thus, Vitis Idaa must 
give way to Vaccinium, and Crista Galli to Rhinanthus. 

9. Generic names formed of two Latin words, are scarcely 
tolerable: some of them have been admitted, such as Cornu- 
copie, Rosmarinus, Sempervivum, &c., but this example is not 
to be imitated. 

10. Generic names, formed half of Latin and half of Greek, 
are hybrid, and on no account to be admitted: such are 
Cardamindum, Chrysanthemindum, &c. 
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11. Generic names compounded of the entire generic name 
of one plant, and a portion of that of another, are unwor- 
thy of botany; such as Cannacorus, Lilionarcissus, Lauro- 
cerasus. 

12. A generic name, to which is prefixed one or more 
syllables, so as to alter its signification, and render it ap- 
plicable to other plants, is not admissible. Bulbocastanum, 
Cynocrambe, Chamenerium, &c., are of this kind. 

13. Generic names ending in oides are to be rejected; as, 
Agrimonoides, Asteroides, &c. 

14. Generic names formed of other generic names, with 
the addition of some final syllable, are disagreeable, as Aceto- 
sella, Balsamita, Rapistrum, &c. 

15. Generic names sounding alike, lead to confusion. 

16. No generic names can be admitted, except such as are 
derived from either the Greek or Latin languages. 

17. Generic names appertaining previously to Zoology, or 
other sciences, are to be cancelled, if subsequently applied in 
botany. 

18. Generic names at variance with the characters of any of 
the species are bad. 

19. Generic names the same as those of the class or order 
cannot be tolerated. 

20. Adjective generic names are not so good as substantive 
ones, but may be admitted. 

21. Generic names ought not to be misapplied, to gaining 
the goodwill or favour of saints, or persons celebrated in other 
sciences; they are the only reward that the botanist can ex- 
pect, and are intended for him alone. 

92. Nevertheless, ancient poetical names of deities, or 
of great promoters of the science, are worthy of being re- 
tained. 

23. Generic names that express the essential character or 
habit of a plant are the best of all. 

24. The ancient names of the classics are to be respected. 

25. We have no right to alter an ancient generic name to 
one more modern, even although it may be for the better : 
this would, in the first place, be an endless labour; and, in 
the next place, would tend to inextricable confusion. 
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26. If new generic names are wanted, it must be first 
ascertained whether no one among the existing synonyms is 
applicable. 

27. If an old genus is divided into several new ones, the 
old name will remain with the species that is best known. 

28. The termination and euphony of generic names are to 
be consulted, as far as practicable. 

29. Long, awkward, disagreeable names are to be avoided, 
such as Calophyllodendron of Vaillant, Coriotragematodend- 
ros of Plukenet, and the like. 

30. The names of classes and orders are subject to the same 
rules as those of genera. ‘They ought always to express some 
essential and characteristic marks. 

31. The names of both classes and orders must always 
consist of a single word, and not of sentences. 


I have thought it right to give these Linnean canons, 
firstly, because they are undoubtedly excellent in many re- 
spects; secondly, because we must attribute much of the 
greater perfection of natural history, since the time of Lin- 
nzeus, to the adoption of them ; and, thirdly, because they are 
constantly appealed to, by the school of Linnzus, as a 
standard of language, from which no departure whatever is 
allowable. 

It is, however, necessary to remark, that, notwithstanding 
the undoubted excellence of many of these rules, yet there 
are others, adherence to which is often out of the question, 
and which have, indeed, fallen wholly into disuse. It seems 
to be an admitted principle, that it is of little real importance 
what name an object bears, provided it serves to distinguish 
that object from every thing else. This is the material point, 
to which all other considerations are secondary : thus, if A. or 
B. are universally known by the names of Thomas or John, 
it is quite as well as if they were called William or James. 
This being so, it will follow that Nos. 7, 9, 11, 12, 14, and 16, 
of the Linnzean canons, are either frivolous or unimportant ; 
or, at least, that no person is bound, either in reason or by 
custom, to observe them. ‘This is particularly apparent in 
considering the practice now universally adopted, although 


458 PHYTOGRAPHY. BOOK IV. 


condemned by Linneeus, of converting the names by which 
plants are known in countries called barbarous, into scientific 
generic names, by adding a Latin termination to them. The 
advantage of this practice to travellers is known to be very. 
great, as it puts them in possession of a certain part of the 
language of the country in which the plants are found. Such 
names are often not less euphonous than those admitted by 
the Linnzen school as unexceptionable: witness, Licaria and 
Eperua, rejected Caribean generic names; and Glossarrhena, 
Guldenstadtia, Schlechtendahlia; and similar admitted Lin- 
nzean names. Indeed, so impossible is it to construct generic 
names that will express the peculiarities of the species they 
represent, that I quite agree with those who think a good, 
well-sounding, wnmeaning name by far the best that can be 
contrived. ‘The great rule to follow is this : — 

In constructing a generic name, take care that it is har- 
monious, and as unlike all other generic names as it can be. 
In adopting generic names, always take the most ancient, 
whether better or worse than those that have succeeded it. 
Attend as much as you will to the canons of Linnzus in 
forming a name of your own; but never allow them to induce 
you to commit the incivility of rejecting the names of other 
persons, because they do not think fit to acknowledge arbi- 
trary rules which you are disposed to obey; and let the con- 
duct of Schreber, a German botanist, who has been held up 
to universal scorn for having presumed, without authority, or 
any sort of pretention toa knowledge of the plants of Aublet, 
to alter the whole nomenclature of that author, to the great 
confusion of science, be a warning to you, never to be induced 
to sanction any similar deviation from the rules of courtesy 
in science. 

When species are named after individuals, the rule of con- 
struction is this: if the individual is the discoverer of the 
plant, or the describer of it, the specific name is then to be in 
the genitive singular; as Caprifolium Douglasii, Carex Men- 
ziesii; Messrs. Douglass and Menzies having been the dis- 
coverers of these species; and Planera Richardi, the species 
so called having been described by Richard: but if the name 
is merely given in compliment, without reference to either of 
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these circumstances, the name should be rendered in an 
adjective form, with the termination anus, a, um; as Pinus 
Lambertiana, in compliment to Mr. Lambert: and, for this 
reason, such names as Rosa Banksize and R. Brunonii are 
wrong; they should have been R. Banksiana and R. Bru- 
noniana. 

It is customary to name an order from the genus that most 
accurately represents its characters, adding the termination 
acee to such names as end ina or as, or even us. Rosaces 
from Rosa, Spondiaceee from Spondias, Connaracez from 
Connarus; or by converting the terminations ws or um into ee ; 
as Rhamnez from Rhamnus, Menispermeze from Menisper- 
mum. But this is not very strictly adhered to; many well- 
known old names, not constructed upon this principle, being 
still retained; such as Salicarize, Leguminosee, Caryophyllee, 
Graminez, Palmee, &c. 

There is no rule for the construction of the names of the 
higher divisions in Botany. 

In terminology, every name should have a distinct, positive 
meaning, which cannot be misunderstood ; all terms that have 
two meanings being bad. For instance, the term nectary, 
which is sometimes applied to glands secreting honey; some- 
times to modifications of the petals or stamens; and even to 
the disk itself, is, in such an extended signification, un- 
intelligible. Again, the term corolla, unless limited to the 
inner series of the floral envelopes, may be often applied to 
the calyx, and then ceases to have any precise signification. 
Capsule has been applied by various authors to a polyspermous 
dehiscent compound fruit, or to an indehiscent polyspermous 
fruit, or to an indehiscent monospermous fruit: so applied it 
has no distinct meaning. For this reason modern botanists 
have contrived a large number of new terms, which have con- 
tributed much to the perspicuity of botanical writings. But 
if this has been, in many cases, done advantageously, it has 
unfortunately happened that in others additional terms have 
- been created uselessly, to the great confusion of the science. 
Thus, the old word albumen is perfectly well understood as 
the matter lying between the embryo and the seed coats when 
the seed is mature ; nevertheless, we have the terms perisperm 
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and endosperm contrived for the same part: testa is synony- 
mous with episperm; putamen with endocarp: for funiculus 
umbilicalis we have trophosperm and podosperm; and, un- 
fortunately, numerous other instances might be adduced. 
The rule to be observed in terminology is evidently this ; that 
as no word ought to have two applications or meanings, so no 
idea should be expressed by more than one term; and if a 
term, expressive of a distinct point of structure, already 
exists, no new term should, on any account, be created, from 
the fancy that it may be better, or more expressive, than the 
old one. To do so, is not only unwise, but absolutely 
mischievous. 
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CHAPTER V. 
OF SYNONYMS. 


Tue synonyms of plants are the names applied to particular 
species by different authors. Names are often unlike each 
other; in which case synonyms become indispensable to a 
right knowledge of a plant; but when one name only has 
been given by common consent, synonyms, in that case, are 
of less importance. The objects that they serve are these: 
they indicate — 


1. The names of the authors who have described the spe- 
cies, and the place in their writings in which the descrip- 
tion is to be found. 

2. The chronology of the species, pointing out the period 
at which it was first made known to the world. 

3. The works in which figures are to be found. 

4. The various names under which it has, from time to 
time, been known. 

Synonyms, therefore, if complete, present a brief, but very 
instructive history of a plant. In monographs, or complete 
_ accounts of particular groups of plants, no synonyms of any 
importance whatever ought to be omitted: in more concise 
works, one or two of the principal are sufficient. The im- 
portance of a synonym depends upon its being that of some 
author who has written, in an original manner, upon a given 
plant. In proportion as originality decreases, the value of 
synonyms decreases also. 

In arranging synonyms, a strict chronological order should 
be maintained, beginning with the most ancient name, and 
ending with the most recent. But, although the citation of 
the names must be strictly chronological, it does not therefore 
follow that the quotation of the works in which the names 
occur should be chronological also: this would lead to great 
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confusion and inconvenience. It has been found practically 
better to arrange the names chronologically; and to arrange 
under each name, in chronological order, those authors who 
have spoken of the plant by each name. 

This will be more apparent from the following example, 
from the Systema Naturale of De Candolle, in which the dates 
of the authors’ works are introduced to demonstrate the chro- 
nological order of their quotations. In practice the dates are 
usually omitted: it would be, perhaps, an improvement if 
they were always added. 


TROLLIUS ASIATICUS. 


Helleborus aconiti folio flore globoso croceo. Amm. ruth. 
p. 76. n. 101. (1739.) 

Trollius asiaticus. Lin. ! sp. pl. 782 (exclus. Buxb. et Tourn. 
syn.) (1763.) — Mill. dict. n. 2. (1768.) — Gmel. fi. sib. 4. 
p. 190. n. 23. (1769.) — Pall. itin. 2. p. 528. (1793.) — 
* Curt. Bot. Mag. t. 235. (1793.) — Willd. sp. 2. p. 1334. 
(1799.) — Poir.! dict. 8. p. 122. (1808.) 

T. europeus Sobol. fl. petr. p. 134. n. 376? (1799.) 

T. sertiflorus Salish. in Lin. soc. 8. p. 303. (1807.) 


In order to show distinctly the different value of these 
synonyms, De Candolle marks with an asterisk (*) those in 
which good original descriptions are to be found; and to 
explain which have been ascertained by the actual inspection 
of authentic specimens, he marks such names with a note of 
admiration immediately succeeding the name of an author: 
thus, Lin. ! sp. pl. 427. would mean that the original speci- 
men from which the plant was described by Linnzus in the 
Species Plantarum, page 427., had been actually examined by 
himself; whereas, if the note of admiration had been omitted, 
it would have appeared that the only evidence, with respect 
to the plant described by Linnzus, was obtained from his 
book itself. This distinction is of great importance, as it 
shows upon which synonyms implicit reliance can be placed, 
and to which we can turn with less confidence. 

In proportion to the importance of synonyms ought to be the 
eare with which they are quoted. No synonyms ought to be 
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adopted by a writer upon the credit of others; he should always 
judge for himself; or, if that should not be in his power, he 
should take care to show which have been ascertained by him- 
self, and for which he trusts to others. It is especially import- 
ant never to suppose that plants are the same whose names are 
the same. Upon this point it particularly behoves the botanist 
to be vigilant; for nothing is more common than for writers 
to mistake the plants intended by each other. ‘Thus, R. pim- 
pinellifolia of Linnzeus, is R. spinosissima; R. pimpinellifolia 
of Pallas is a distinct variety, if not species, called altaica by 
Willdenow; R. pimpinellifolia of Villars is Rosa alpina; 
R. pimpinellifolia of Bieberstein is probably R. grandiflora. 
Care must also be taken not to suppose that the plants with 
different names are different species. It frequently happens 
that a known species, already described by one botanist, is 
described as new by another: this arises from a variety of 
causes ; the original description is imperfect, or inaccurate, so 
that the species to which it refers cannot be recognised ; or a 
species may have been described by one botanist, in a work 
unknown to another, who has therefore described it anew. 
This is an evil, for which there is no other remedy than vigil- 
ance on the part of those who take the lead in science; 
and who, from time to time, apply themselves to purify it 
from the errors that are daily accumulating. So difficult, 
however, is it to detect repetitions, that even in the publica- 
tions of the most distinguished and skilful writers they occur 
in numberless instances: for instance, the Unonas uncinata, 
hamata, and esculenta of Dunal and De Candolle are iden- 
tically the same. 
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CHAPTER VI. 
OF HERBARIA. 


To a botanist who studies the science with much attention, 
and with a view to becoming perfectly acquainted with it, 
neither books nor the most elaborate descriptions prove suf- 
ficient. He finds it indispensable to have continually within 
his reach some portion of as many species as he can procure. 
If he has admission to a botanical garden, a great many 
species may thus be readily accessible; although, even in 
such a case, it is only at particular periods that he can study 
the flowers and fruit of any of them: a garden, too, seldom 
contains more than a fifteenth or a tenth of the number of 
known species ; and far more frequently not a twentieth. 

For these reasons, botanists have contrived a method of 
preserving, by drying and pressure, specimens of plants which 
represent all that it is most essential to recognise. A*collection 
of such specimens was formerly known by the expressive name 
of Hortus Siccus ; but is now universally called an Herbarium. 
If well prepared and arranged, such a collection is invaluable 
to any working botanist, because it enables him instantly, at 
all times, to compare plants themselves with each other, and 
with the accounts of other botanists ; or to examine them with 
reference to points of structure not previously considered. It 
will, therefore, be useful to explain, shortly, the best modes of 
preparing, arranging, and preserving herbaria. 

What is called the specimen of a plant, is a small shoot 
bearing flowers and fruit, either together or separately, pressed 
flat and dried, so that it may be conveniently fixed upon a 
sheet of paper. As a plant is, in all cases, an aggregation of 
individuals growing upon exactly the same plan, and pro- 
ducing the same kind of reproductive organs, it follows that 
a single shoot, comprehending leaves, flowers, and fruit, is a 
representation of the largest tree of the forest, and will give as 
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distinct an idea of the individual as if a huge limb were before 
the botanist. It is this fact that enables us to form herbaria. 
Besides the dried twigs thus described, an herbarium should 
contain specimens of the wood of each species, and also a 
collection of fruits and seeds, which, being often large, hard, 
and incapable of compression, are not fit to be incorporated 
with the dried specimens themselves. 

In selecting specimens for drying, care must be taken that 
they exhibit the usual character of the species; no imperfect 
or monstrous shoot should be made use of. If the leaves of 
different parts of the species vary, as is often the case in 
herbaceous plants, examples of both should be preserved. 
The twig should not be more woody than is unavoidable, 
because of its not lying compactly in the herbarium. If the 
flowers grow from a very large, woody part of the trunk, 
as is often the case, in some Malpighias, Cynometra, &c., 
then they should be preserved with a piece of the bark only 
adhering to them. It is also very important that ripe fruit 
should accompany the specimen. When the fruit is small, or 
thin, or capable of compression without injury, a second dried 
specimen may be added to that exhibiting the flowers; but 
when it is large and woody, it must be preserved separately, 
in a manner I shall presently describe. 

Next to a judicious selection of specimens, it is important 
to dry them in the best manner. For this purpose various 
methods have been proposed: some of the simplest and most 
practicable may be mentioned. If you are in a country where 
there is a great deal of sun-heat, it is an excellent plan to 
place your specimen between the leaves of a sheet of paper, 
and simply to pour as much sand or dried earth over it as 
will press every part flat, and then to leave it in the full sun- 
shine. A few hours are often sufficient to dry a specimen 
thoroughly in this manner. But in travelling, when con- 
veniences of this kind cannot be had, and in wild uninhabited 
regions, it is better to have two or more pasteboards of the 
size of the paper in which your specimens are dried, and some 
stout cord or leathern straps. Having gathered specimens 
until you are apprehensive of their shrivelling, fill each sheet 


of paper with as many as it will contain; and having thus 
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formed a good stout bundle, place it between the pasteboards, 
and compress it with your cord or straps. In the evening, or 
at the first convenient opportunity, unstrap the package, take 
a fresh sheet of paper, and make it very dry and hot before a 
fire; into the sheet, so heated, transfer the specimens from the 
first sheet of paper in your package; then dry that sheet, and 
shift into it the specimens lying in the second sheet; and so 
go on, till all your specimens are shifted; then strap up the 
package anew, and repeat the operation at every convenient 
opportunity, till the plants are dry. They should then be 
transferred to fresh paper, tied up rather loosely, and laid by. 
Should the botanist be stationary, or in any civilised country, 
he may dry his paper in the sun; or, if the number of speci- 
mens he has to prepare is inconsiderable, he may simply put 
them between cushions in a press resembling a napkin-press, 
laying it in the sun, or before a hot fire. It is extremely im- 
portant that specimens should be dried quickly, otherwise 
they are apt to become mouldy and rotten, or black, and to 
fall in pieces. Notwithstanding all the precautions that can 
be taken, some plants, such as Orchideee, will fall in pieces in 
drying: when this is the case, the fragments are to be care- 
fully preserved, in order that they may be put together when 
the specimen is finally glued down. In many cases, particu- 
larly those of Coniferee, Eric, &c., the leaves may be pre- 
vented falling off by plunging the specimen, when newly 
gathered, for a minute into boiling water. ‘The great objects 
in drying a specimen are to preserve its colour, if possible, 
which is not often the case, and not to press it so flat as to 
crush any of the parts, because that renders it impossible 
subsequently to analyse them. 

Specimens of wood should be truncheons, five or six inches 
long, and three or four inches in diameter, if the plant grows 
so much. They should be planed smooth at each extremity, 
but neither varnished nor polished. 

Specimens of fruits simply require to be dried in the sun. 

When specimens shall have been thoroughly dried, they 
should be fastened, by strong glue, not gum, nor paste, to 
half sheets of good stout white paper: the place where they 
were found, or person from whom they were obtained, should 
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be written at the foot of each specimen, and the name at the 
lowest right-hand corner. Ifany of the flowers, or fruits, or 
seeds, are loose, they should be put into small paper cases, 
which may be glued, in some convenient place, to the paper. 
These cases are extremely useful; and fragments so pre- 
served, being well adapted for subsequent analysis, will often 
prevent the specimen itself from being pulled in pieces. 

The best size for the paper appears, by experience, to be 
10? inches by 163. Linneeus used a size resembling our 
foolseap; but it is much too small; and a few employ 
paper 114 inches by 183; but that is larger than is neces- 
sary, and much too expensive. 

In analysing dried specimens, the flowers or fruits should 
always be softened in boiling water: this renders all the parts 
pliable, and often restores them to their original position. 

In arranging specimens, when thus prepared, every species 
of the same genus should be put into a wrapper formed of a 
whole sheet of paper, and marked at the lower left corner 
with the name of the genus. ‘The genera should then be put 
together according to their natural orders. 

In large collections it is often found difficult to preserve 
that exact order which is indispensable to the utility of an 
herbarium; and accordingly, we constantly find botanists 
embarrassed by multitudes of unarranged specimens. As this 
is a great evil, I trust that a few hints upon the subject may 
not be without their use; especially as, by attending to them 
myself, I have probably not 500 unarranged specimens in a 
collection of between 20,000 and 30,000 species.— Never suffer 
collections, however small, to accumulate; but the very day; 
if possible, that a parcel of dried plants arrives, put each in 
its place. For this purpose they should not be glued down ; 
but each species, with a ticket explaining its origin, name, 
&e., should be laid loose upon a half-sheet of waste paper, 
and then put into the cover of the genus to which it be- 
longs: if the genus is not recognised, and there is no time for 
determining it, then take a cover, marked with the name of 
the order at its lower left-hand corner, and put them in it; 
or, if the order is not known, then put the specimens into 
covers marked with the names of countries instead of orders, 
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after which you can examine them, from time to time, as oppor- 
tunities may occur: in the herbarium above named, there is 
about 300 species thus laid by for consideration. Afterwards, 
when leisure permits, those generic covers in which there 
appears to be the greatest accumulation of loose specimens 
should be examined, the species compared and sorted, new 
species glued upon fresh half-sheets of paper, and duplicates 
taken out. The advantage of this plan is, that, under any cir- 
cumstances, if it is wished to consult a particular order, all 
the materials you possess will be found, in some state or other, 
collected into one place. Iam persuaded, that if this simple 
method were attended to, the confusion now so common in 
herbaria, and which renders so many of them almost useless, 
would never exist. 

Fruits, if large, will be placed loose on shelves, in cases 
with glass fronts; or, if smaller, in little bottles, in which 
also seeds should be preserved; each fruit or bottle being 
labelled, and the whole arranged according to natural order. 
Specimens of wood may be conveniently combined with a car- 
pological collection, and arranged on the same plan. When 
the sections of wood are very large, as is sometimes the case, 
there may be an extra compartment at the base of the case, in 
which they can be placed. 

The cases in which the specimens are arranged may be 
made of any well-seasoned timber; mahogany is best; but 
pine wood will answer the purpose. ‘They should consist of 
little closets, of a size convenient for moving from place to 
place; of which, two, placed one on the other, will form a 
tier. Each closet should have folding doors, and its shelves 
should be in two rows: the distance from shelf to shelf 
should be six inches. ‘The sides and ends of the closets 
should be made of $ in. board; but for the shelves 2 in. is 
sufficient. 

To preserve plants against the depredations of insects, by 
which, especially the little Anobium castaneum, they are apt 
to be much infested, it has been recommended to wash each 
specimen with a solution of corrosive sublimate in campho- 
rated spirits of wine ; but, independently of this being a doubt- 
ful mode of preservation, it is expensive, and, in large collec- 
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tions, excessively troublesome. I have found that suspending 
little open paper bags, filled with camphor, in the inside of the 
doors of my cabinets, a far more simple and a most effectual 
protection. Itis true that camphor will not drive away the 
larvee that may be carried into the herbarium in fresh speci- 
mens ; but the moment they become perfect insects they quit 
the cases, without leaving any eggs behind them. 

In all large collections of specimens there must necessarily 
be a constant accumulation of duplicates: as they are of no 
utility to the possessor, he will, if he is a liberal man, and 
wish well to science, distribute them among his friends, or 
other men of science, in order that the means of observation 
and examination, upon which the progress of science depends, 
may be multiplied at the greatest possible number of points. 
He will not hoard them up till insects, dust, and decay 
destroy them; he will not plead want of leisure (meaning 
want of inclination) for looking them out, or, when applied to 
for them, invent some frivolous excuse for avoiding compli- 
ance with the request ; on the contrary, he will be anxious to 
disembarrass himself of that which is superfluous, and it will 
be his greatest pleasure to find himself able to supply others 
with the same means of study as himself. Conduct with 
regard to the disposal of duplicate specimens is a sure 
sign of the real nature of a man’s mind. We may be per- 
fectly certain, for all experience proves it, that to be liberal 
in the distribution of duplicates, is a sign of a liberal, gener- 
ous disposition, and of a man who studies science for its own 
sake; while, on the other hand, a contrary line of conduct is 
an equally certain indication of a contracted spirit, and of a 
man who studies science less for the sake of advancing it, than 
in the hope of being able to gain some little additional repu- 
tation by which his own fame may be extended. A private 
individual has, no doubt, a right to do as he likes with that 
which is his own, just as a miser has a right to hoard his 
money, if such is his taste; but, of the keepers of public 
collections, it is the bounden duty to take care that every 
thing in their charge be rendered, in every possible manner, 
available for the advancement of science. For acting to the 


contrary they are publicly answerable. 
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CHAPTER VII. 


OF BOTANICAL DRAWINGS. 


ANOTHER important method of indicating and preserving the 
characters of plants is by means of botanical drawings ; which, 
if carefully executed, and accompanied by magnified analyses 
of the parts that are not visible upon external inspection, are 
the very best means of expressing the peculiarities of a spe- 
cies. But to render drawings really useful, there are many 
circumstances to be attended to. 

In the first botanical works that were illustrated by figures, 
the drawings were rude, and ill calculated to convey any clear 
idea of the object they were intended to represent; but as a 
knowledge of the science advanced, great improvement took 
place in their execution, minute accuracy was introduced into 
the outline of the leaves; the form and position of the flowers 
were carefully expressed; and if the parts of fructification 
were neglected, it was because their importance was not un- 
derstood. By degrees, the analysis of those parts began to be 
attended to; attempts were made, with various success, to 
represent the minute points in the organs of fructification. 
At last, the subject of carpology was taken up by the cele- 
brated Geertner, who published two quarto volumes, in which 
numerous plates represented, often in a magnified state, the 
internal structure of fruits, and especially of their seeds. From 
the appearance of this work, I think, it is that decided im- 
provements in the drawings of the analysis of flowers may be 
dated. Since that period botanical drawings have been gra- 
dually improving, till, at last, many have been executed which 
seem to leave nothing to be desired. 

A botanical drawing should represent a branch of the plant 
in flower, and also in fruit, of the natural size, in which all the 
characters of the leaves and ramifications, the direction and 
relative position of parts, the mode of expansion, the arrange- 
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ment of the flowers, and, in short, all that can be seen by the 
naked eye should be accurately expressed. It should also 
contain analyses of all the parts of fructification, magnified so 
much that every character may be distinctly seen; and this 
analysis, to be complete, should express the state of the organs 
of fructification, not only at the period of the expansion of 
the flowers, but in the bud state, and when arrived at perfect 
maturity. If to this the germination, and vernation, and 
highly magnified anatomical representations of the tissue and 
internal structure of the stem and leaves be added, the draw- 
ing may be considered complete. | 

But as the expense of preparing and publishing such 
drawings would be enormous, botanists usually content them- 
selves with a representation of those parts only that are sup- 
posed to be most essential; such as the structure of the flower 
when expanded, and of the fruit and seed when ripe; and 
this is found, for systematic purposes, sufficiently complete, 
provided such details as are introduced are perfectly clear and 
correct. 

In order to enable the student, who is interested in this sub- 
ject, to form a more distinct notion of the relative utility of 
botanical drawings, a reference to some of the most perfect 
that have yet been executed is subjoined. 

As instances of the highest perfection of which botanical 
drawings are at present susceptible, the volume of illustra- 
tions of the structure of wheat, by Francis Bauer, preserved 
in the British Museum; the analysis of Rafflesia, published 
in the 12th volume of the Linnzan ‘Transactions, and the 
microscopic drawings of the fructification of Orchideous plants, 
now in course of publication, both, also, by the same dis- 
tinguished artist, may be justly said to be entitled to the 
highest place. Next to these come the drawings of New 
Holland plants in the Appendix to Flinder’s voyage to that 
country ; and the three fascicles of figures of New Holland 
plants by Ferdinand Bauer. A very high station is also 
claimed by Hooker’s figures of British Jungermanniz, in 
which great skill, as an artist, is combined with deep and 
accurate microscopic research. In all these works the details 
of analysis are carried to a great extent. 
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Among works in which fewer details are introduced, espe- 
cial mention must be made of the drawings of Palms, and 
the figures that illustrate Von Martius’s Nova Genera et 
Species Plantarum; Turpin’s plates in Humboldt and Kunth’s 
Nova Genera Plantarum, and Delessert’s Icones Plantarum; 
and some excellent analyses of the parts of fructification of 
Rhamneze and Bruniacez, in his memoirs upon those orders, 
by Adolphe Brongniart. 

Almost every scientific work of reputation of the present 
day contains figures which are formed upon the models of those 
now enumerated; from which they differ in the quantity of 
analysis that is introduced, a circumstance generally regulated 
by the price at which they are published. 

Of anatomical plates, the best are those of Kieser, in his 
Mémoire sur Organisation des Plantes; of Mirbel, in his 
Mémoire sur |’Ovule; of Francis Bauer, in his dissections of 
Orchideous plants; of Adolphe Brongniart, in his various 
papers in the volumes of the Annales des Sciences, and espe- 
cially of Mohl, in his illustrations of the anatomy of Palms 
and Tree ferns. 

I have mentioned these as instances of good drawings, 
because they are easily accessible, and incontestably are well 
adapted to improving the taste and execution of a student ; 
but there are very many other modern works, in which the 
figures may be also studied with great advantage. Whatever 
bears the name of Francis or Ferdinand Bauer, Hooker, 
Greville, Mirbel, Poiteau fils, Redouté, Reichenbach, L. C. 
Richard, Sowerby, Sturm, Mohl, or Turpin, may almost 
always be profitably studied. 
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GEOGRAPHY. 


Unoer this head is to be considered the manner in which 
plants are affected by climate or station, and the conditions 
under which particular forms of vegetation are confined to 
certain zones of temperature; as the palms to the tropics, 
the true pines to extra-tropical regions. 

This is one of the most curious and difficult subjects with 
which we can occupy ourselves. It embraces a consideration 
of the constitution of the atmosphere, and geological structure 
of all parts of the globe; and of the specific effects of par- 
ticular conditions of climate and soil upon vegetation: all 
points of extreme importance, concerning which existing 
data are rarely sufficient to enable us to arrive at satis- 
factory conclusions. It involves the discussion of the plan 
upon which the world was originally clothed with verdure ; 
and, as Humboldt most truly observes, it is closely connected 
with ‘the physical condition of the world in general. Upon 
the predominance of certain families of plants in particular 
districts depend the character of the country, and the whole 
face of Nature. Abundance of grasses forming vast savannahs, 
or of palms, or coniferse, have produced most important effects 
upon the social state of the people, the nature of their manners, 
and the degree of developement of the arts of industry.” 

If we examine the surface of the globe, we shall find its 
vegetation varying according to its inequalities and its differ- 
ences of soil; we shall see that the plants of the valleys are 
not those of the mountain, nor those of the marsh like the 
vegetables of the river or of dry grounds; it will also be seen 
that the vegetation of all valleys, all mountains, marshes, or 
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rivers, has a similar character in the same latitudes. The 
flora of the granitic mountains of Spain and Portugal is very 
different from that of the calcareous mountains of the same 
kingdoms; in Switzerland, Teucrium montanum always in- 
dicates a calcareous soil; and the same may be said of certain 
Orchises, ustulata, and hircina, for instance, in our own coun- 
try. Hence it is inferred, that the differences in the character 
of vegetation, depend upon circumstances connected with 
the soil or atmosphere in which they grow. A great deal of 
ingenious discussion upon this matter will be found in De 
Candolle’s article on botanical geography, published in the 
18th volume of the Dictionnaire des Sciences Naturelles. 

But as I do not observe much that can be called positive de- 
ductions from such facts as have been ascertained, I shall, 
without entering into speculations as to the causes why one 
description of plants grows in one situation, and others in 
another, confine myself to an exposition of the mere facts 
which appear to have been hitherto distinctly ascertained. 

It has been found convenient to divide the surface of the 
earth into different stations, when treating of botanical geo- 
graphy. In this part of the subject I shall adopt the arrange- 
ment and distinctions of De Candolle; agreeing with him 
that they at least indicate the most remarkable differences of 
station, if they are not susceptible of any rigorous definition. 

He admits the following classes : — , 

1. Maritime, or saline plants; that is to say, those which, 
without being plunged in salt water, and floating on its sur- 
face, are nevertheless constrained to live in the vicinity of salt 
water, for the sake of absorbing what may be required for 
their nourishment. Among these it is requisite to distin- 
guish those which, like the Salicornia, grow in salt marshes, 
where they absorb saline principles, both by their leaves 
and roots, from those which, like Roccella fuciformis, exist 
upon rocks exposed to the sea air, and appear to absorb by 
their leaves alone; and, finally, a third class, such as Eryn- 
cium campestre, which do not require salt water, but which 
live on the sea-coast, as well as elsewhere, because their 
constitution is so robust, that they are not affected by the 
action of salt. 
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2. Marine plants, also called Thalassiophytes by M. Lamou- 
roux, which live either plunged in salt water or floating on 
its surface. These plants are distributed over the bottom of 
the sea or of salt water, in proportion to the degree of salt- 
ness of the water, the usual degree of its agitation, the con- 
tinuity or intermittence of their immersion, the tenacity of 
the soil, and perhaps also the intensity of the light. 

3. Aquatic plants, living plunged in fresh water, either 
entirely immerged, as Conferve ; or floating on its surface, as 
Stratiotes ; or fixed in the soil by their roots, with the foliage 
in the water, as several kinds of Potamogeton; or rooted in 
the soil, and either floating on the surface, as Nymphaea ; 
or rising above it, as Alisma plantago. ‘This last division is 
very near the following class. 

4, Plants of fresh water marshes, and of very wet places, 
among which it is chiefly necessary to distinguish those of 
bogs, of marshy meadows, and of the banks of running 
streams ; and, finally, those of places inundated in winter, but 
more or less dried up during the summer. 

5. Plants of meadows and pastures, in the study of which 
it is requisite to distinguish those that by their natural or 
artificial association form the turf of the meadow, and those 
others which grow mixed together with the greatest facility. 

6. Plants of cultivated soil. This class has been entirely 
produced by the agency of man: the plants which grow in 
cultivated land are those which, in a wild state, preferred 
light substantial soils: many have been transported from one 
country to another with the seeds of other cultivated plants. 
Those individuals of the same species, which are found in 
fields, vineyards, and gardens, are often different in some 
respects according to the peculiar manner in which they have 
been cultivated. 

7. The plants of rocks ; these pass by insensible gradations 
to those of walls, rocky and stony places, and even of gravel ; 
and the latter soil, as its fragments diminish in size, conduct 
us by degrees to the following class. Rock plants offer some 
remarkable singularities depending upon the nature of the 
rock. 

8. The plants of sands, or of very barren soil ; in the classi- 
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fication of which much difficulty is experienced: thus, plants of 
the sand of the sea-shore are confounded with saline plants; 
those of barren soil with the species of cultivated land, and 
those of coarse sand are not different from those of gravel. 

9, Plants of sterile places that are very compact, as stiff 
clayey soil, or such as have their surface hardened by drought 
or heat, or those which are trodden hard by man or animals. 
This is an heterogeneous class, and contains plants of very 
uncertain characters. 

10. Plants which follow man. ‘These are few in number; 
and more fixed in their station, either in consequence of 
nitrous salts being necessary to their existence; or because, 
perhaps, azotized matter is required for their nutriment. 

11. Forest plants, among which are to be distinguished, 
firstly, the trees that form the forest, and the herbs which 
grow beneath their shade. ‘The latter are to be separated 
into two kinds, those which can support a considerable degree 
of shade during all the year, which are found in evergreen 
woods; or such as require light in the winter, like those which 
are found among deciduous trees. 

12. Bushes and hedge plants. 'The shrubs which compose 
this division differ from the plants of the forest in their smaller 
size, and by the thinness of their leaves; the herbaceous kinds 
that grow among them are ordinarily climbing plants. 

13. Subterranean plants, which live either in dark caverns, 
as the byssus, or within the bosom of the earth, as the truffle. 
These can dispense altogether with light, and several cannot 
even endure it. Plants that grow in the hollows of old trees 
have great analogy with those of caverns. 

14. Mountain plants, as subdivisions of which all the other 
stations may be taken. We generally class among mountain 
plants such as, in Europe, are not found lower than 500 
yards; but this is quite an arbitrary limit. The most im- 
portant division is between those which grow on mountains, 
the summit of which is covered with eternal snow, and those of 
mountains which lose their crest of snow in the summer. In 
the former, the supply of water is not only continual, but 
more abundant and colder as the heats of summer advance ; 
in the Jatter, on the contrary, the supply of water ceases when 
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it becomes most requisite. ‘The former are evidently much 
more robust than the latter. 

15. Parasitical plants ; that is to say, such as are either 
destitute of the power of pumping up their nourishment from 
the soil, or of elaborating it completely; or as cannot exist 
without absorbing the juices of other vegetables. These are 
found in all the preceding stations. They may be divided 
into, first, those which grow on the surface of others, as the 
Cuscuta and the Misletoe: and, secondly, intestinal parasites, 
which are developed in the interior of living plants, and pierce 
the epidermis, to make their appearance outwardly, such as 
the Uredo and Atcidium, 

16. Epiphytes, or false parasites, which grow upon either 
dead or living vegetables, without deriving any nourishment 
from them. ‘This class, which has often been confounded 
with the preceding, has two distinctly characterised divisions. 
The first which approaches true parasites, comprehends cryp- 
togamous plants, the germs of which, probably carried to their 
stations by the very act of vegetation, develope themselves at 
the period when the plant, or that part where they lie, begins 
to die, then feed upon the substance of the plant during its 
mortal throes, and fatten upon it after its decease; such are 
Nemasporas and many Spheerias: these are spurious intestinal 
parasites. ‘The second comprehends those vegetables, whether 
cryptogamic, such as lichens and Musci, or phanerogamous, 
as Epidendrums, which live upon living plants, without de- 
riving any nutriment from them, but absorbing moisture from 
the surrounding atmosphere ; these are superficial false para- 
sites : many of them will grow upon rocks, dead trees, or earth. 

Thus we see that De Candolle has found it necessary 
to divide vegetation into sixteen stations. I do not attach 
much importance to several of them, because they are vague 
and uncertain of application, and frequently common to many 
plants; but it is, nevertheless, useful to bear in mind, that 
such distinctions do exist, and to point them out whenever 
they take any very decided peculiarity of character. ‘This is, 
indeed, indispensable, in order so enable us hereafter to form 
any definite appreciation of the nature of the influence of the 
combined agency of soil, temperature, and atmosphere. 
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The next, and by far the most important head under which 
the geographical distribution of plants is to be considered, is 
with reference to temperature and light. These depend, 
firstly, upon latitude; and, secondly, upon elevation above 
the sea. 

As we proceed from the pole towards the equator, we find 
the temperature gradually increasing ; and, as we ascend from 
the surface of the ocean up into the atmosphere, we find the 
temperature gradually decreasing, until we reach a point at 
which perpetual frost holds his throne, and where vegetation 
ceases. 

In like manner we find, as we recede from the equator to 
the pole, we quit the country of palms and other arborescent 
monocotyledonous plants for the habitations of deciduous 
dicotyledonous trees, Coniferze, and cryptogamic plants; and 
that as we rise into the atmosphere as considerable a change 
takes place. ‘Thus, in Teneriffe, the foot of the mountain is 
occupied by Crithmum latifolium, succulent Euphorbias, Plo- 
cama pendula, and Prenanthes spinosa: to these succeed vines, 
corn, Canarina campanula, and Messerschmidia fruticosa: a 
third class, consisting of laurels, Ilex, Ardisias, heaths, and 
Viburnums, occupy the succeeding tract. ‘These are sur- 
mounted by pines, Cytisus, and Spartium microphyllum ; and, 
finally, the scenery is closed by Spartium nubigenum, Juni- 
perus oxycedrus, Scrophularia, Viola, and Festuca. (See 
Humboldt’s Travels.) 

Therefore, in considering the matter of the vegetation of a 
given climate, it is necessary to take into account the temper- 
ature peculiar to the latitude itself, and the reduction caused 
by elevation. 

The decrement of caloric, as we ascend into the air, will be 
understood by the following table, calculated by Daniell, 
from observations made by Mr. Green the aéronaut, in an 
aérial voyage performed in 1821. These are particularly 
instructive ; because they were all made within the space of 
half an hour, under circumstances which varied as little as 


possible. 
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The temperature at the surface of the earth was - 74° 
at an elevation of 2,952 feet, was = 40° 

7,288 - ere 

9,993 - i ci 

11,059 - - 45° 

11,395 ° °° 2 = 38° 


The difference between the temperature of the highest eleva- 
tion and the earth’s surface amounting to 36° in the space of 
twenty-seven minutes. 

The amount of the decrement of heat, as compared with 
that of latitude, has been calculated to be, in France, equal 
to one degree of retrogressive latitude for every 540 feet of 
vertical elevation ; that is to say, the temperature of a district 
of 3240 feet of elevation, in 45° N. lat., would be equal to 
the temperature of 51° N. lat. on a level with the sea. But, 
from Humboldt’s computations, it appears that, nearer the 
equator, this proportion varies. He found, from careful and 
repeated observations, between 0 and 3000 feet of elevation, 
that in the middle of the temperate zone, the mean temper- 
ature of the year decreased in a degree equivalent to 2° of 
N. lat. for every 600 feet of elevation; the mean summer heat 
1° 30’; the mean autumnal heat 1° 24’; or, on an average, 
‘the decrement of temperature was about 1° of latitude for 
every 396 feet of elevation. ‘Temperature decreasing in this 
rapid ratio, it is evident that, if vegetation is affected by tem- 
perature, it will offer great differences in the ascent of a 
mountain. And accordingly it is found, as will be seen by 
the following tables, that the nature of the vegetation towards 
the upper limits at which plants grow, gradually changes from 
that of the base of the mountain, until plants entirely disap- 
pear at the limits of perpetual snow. 
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CHIMBORAZO (ANDES). 


y Lat. 2° 50’. S. — Height, 21,450 Feet, 


Elevation 


aN, Mean Temperature. Vegetation. 
O | Of the year - 80°| Palms. 
3,250 Ditto ~ 71°| Palms cease to grow. 
5,200 Ditto ~ 66° | Tree ferns cease. 
9,750 Ditto - 60°| Cinchonas cease. 
11,375 Ditto z 46°| Alstonias and Befarias cease. 
13,325 - - - Grasses cease. 
14,300 - - - Culcitium rufescens ceases. 
15,600 | Of the year - 29°| Limits of perpetual snow. 
POPOCAYAN (MEXICO). 
Lat. 19° 20’, N. — Height, 17,550 Feet, 
Elevation M T Vv : 
ae ee aiean iemperature, egetation. 


— 


10,400 | Of the year . 53° | Oaks cease to grow. 
11,375 - Alnus mexicana ceases. 


13,000 | Of the year - 44°} Pinus occidentalis ceases. 
15,275 - - - Limits of perpetual snow. 
ETNA (SICILY). 
Lat. 38° 6’. N. — Height, 11,360 Feet. 
gaa ge Mean Temperature. Vegetation. 
Of the year - 64° 
Oto 1004 | Or gui) and’ Aug. 5 a Palme, Musacee, Saccharum. 
1,100 - - - Oranges, olive, and rice cease to grow. 
2175 - - - Vine, wheat, and maize cease. 
4,350 - - - Oaks and chestnuts cease. 
Rye and Pinus sylvestris cease. 
6,500 - . - Fagus sylvestris and Betula become 
shrubs. 
8,125 - - - Juniperus and Berberis cease. 
9,750 - - - Phznogamous plants disappear. 
10,000 - - - Lichens cease. 


al 
C3 


Pid t 


g Ree 
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MONT BLANC (ALPS). 
Lat. 44°. N. — Height, 15,600 Feet. 


Elevation 


Be nag Mean Temperature. Vegetation. 


eS 


ee 


O | Of August - 69° 


O | Of the year - 5a" 
1,950 - - - The vine ceases. 
2,925 - - = Castanea vesca ceases. 
3,900 - - - Oaks cease. 
4,680 - - - Betula alba ceases, 
5,850 - - 7 Pinus Abies ceases. 

e} 

6,695 OF the year 7 se Rhododendrons cease. 
7,800 = - ~ 
8,190 - - - Salix herbacea ceases. 
8,780 - - - Limits of perpetual snow. 


MONT PERDU (PYRENEES). 
Lat, 44°. N. — Height, 11,375 Feet. 


Elevation : 
a ey Mean Temperature. Vegetation. 
3,250 | Of the year ~ 42° 
5,280 - ~ - Oaks cease to grow. 
6,175 - = = Pinus picea ceasse, 
7,800 s = = Pinus rubra and uncinata cease. 
= Of August - 42° ae 
8,780 OF the year 7 950 | Limits of perpetual snow. 
SULITELMA (LAPLAND). 
Lat. 68° N. — Height, 6,175. 
on Mean Temperature. Vegetation. 
in Fe. 
0 {| Of the year . 34° 
| | Of August - 60° 
957 | Of the year - 31° | Pinus sylvestris ceases. 
Ditto - 27° 
1,9504 | of August i 54° Betula alba ceases. 
2,925 - - - Salix herbacea and lanceolata cease. 
Of the year - a Ne ise 
3,640) | o¢ August 4 49° } Limits of perpetual snow. 


Ay: 
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The effect of elevation is not, in Europe, the same with all 
plants ; there are many that grow indifferently upon the plains 
and upon mountains as high as perpetual snow. De Can- 
dolle speaks of 700 instances, with which he is acquainted, of 
the prevalence of this law. But, on the other hand, there are 
many plants, the limits of which are strictly circumscribed by 
elevation or equivalent temperature; as, for example, the 
chestnut does not rise higher in the Swiss Alps, in the parallel 
of 45°, than 2400 feet: on Etna, ‘in latitude 38°, it reaches 
no higher than 4000 feet. Many of the plants found on 
plains in the north of Europe occupy the mountains of the 
south. The olive, in 44° of latitude, its most northern 
range, will not grow at a greater elevation than 1200 feet. 
In general it is found that, as we approach the equator, 
vegetation becomes more and more affected by elevation ; and 
that as we recede from it the effects of elevation gradually 
cease. 

The cause of the influence of elevation upon plants is 
ascribed, in the first place, to reduced temperature ; secondly, 
to a greater intensity of solar light ; and, thirdly, to a decrease 
in humidity. The rate at which temperature decreases as we 
ascend from the surface of the earth varies according to 
latitude: Humboldt has shown that, in the temperate and 
torrid zones, the decrement of heat is essentially different. In 
the equatorial zone, the temperature of the region lying at 
the height of between 3000 and 6000 feet, —on which the 
clouds repose that are visible to the natives of the plains, — 
decreases much more slowly than either above or below that 
elevation ; but, in the temperate zone, the decrease is more 
gradual. In proof of this the following table has been formed 
by Humboldt : — 
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Equatorial Zone, Temperate Zone. 
Elevation Lat. 0°—21°. Lat. 45°—47°. 
So 8 Sag ae ee 
in Feet. |Mean Temperature] ,,. Mean Temperature! ,,. 
of the Year. sie ae of the Year. CL 
0 80° 58° 
ae 12° ee 12° 
3,000 68° 41° 
et ee eee 4° Se LP) Mowe ie aes 9° 
6,000 64° 32° 
Nr 9° | eR POE ok EE eel 9° 
9,000 55° 23° 
On re nn BG — 
12,000 44° 
ieee 10° 
15,000 34° 


The diminution of the density of the air as we ascend 
produces a corresponding increase in the intensity of the light ; 
a circumstance in which high elevation has been said to cor- 
respond with high latitudes; but this is doubtful. 

It is said that the humidity of the atmosphere decreases as 
we ascend, and that to this may be ascribed much of the 
effect produced upon vegetation by great heights. That the 
humidity of the atmosphere does much affect vegetation is not 
to be doubted; and if it were certain that the air became 
gradually drier as we ascend, a second cause, as powerful as 
that of temperature, would be found for the effects of elevation 
upon vegetation. But it is certain that the humidity of the 
air does not change gradually, as we ascend, with the cha- 
racter of vegetation ; on the contrary, it has been found that 
atmospheric humidity is either uniform or increased to heights 
far beyond uniformity of vegetation, and then suddenly di- 
minishes to a large amount, vegetation not suddenly altering 
with it; so that it would seem as if the atmosphere were com- 
posed of deep beds of air, suddenly differing from each other 
in the elasticity of their aqueous vapour. 

From observations made by Capt. Sabine, with a Daniell’s 
hygrometer, at Ascension, it appears that, on that island, at 
seventeen feet above the sea, the amount of dryness was 5° ; 
and, at 2237 feet higher, was 3° 5’; so that, in this case, the 
air became more humid as he ascended. At Trinidad the 
amount of dryness on a level with the sea was 5°; at 1060 
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feet higher the air was saturated with moisture; in this in- 
stance, also, humidity increased with elevation. At Jamaica 
it was found that, on a level with the sea, the degree of dry- 
ness was 7°; at 4080 feet higher the air was saturated with 
moisture; but at 4580 feet the dryness was 16°. Hence it 
is to be inferred that, in these observations, the lower bed of 
the atmosphere was not passed through, eiilrer at Ascension 
or in Trinidad; but that, in Jamaica, it had been left below 
at the time the third observation was taken; and that in that 
island the lower stratum of air is something more than 4000 
feet deep. In Mr. Green’s voyage the degree of dryness of 
the air, at an elevation of 9893 feet, was 5°, nearly the same 
as it was observed to be on the surface of the earth below at 
the same time; but, at 11,059 feet, it was 13°: and at 11,293 
feet, the highest point at which an observation was made, it 
was still 13°; so that it would seem that the humidity of the 
atmosphere, at that time, did not vary through a bed of air 
rising perhaps 2000 feet beyond the highest limits of vegeta- 
tion in Europe. 

It must be confessed that these observations are by no 
means sufficiently numerous to become the foundation of any 
thing connected with the effect of elevation upon the cha- 
racters of plants; but they, at least, answer the purpose of 
showing that, in the present state of our information, the 
effects of humidity are not appreciable in investigating the 
subject. 

Whether the increased rarity of the air, as we ascend, has 
any effect upon vegetation, is not determined. It is not easy 
to say in what way it can act, according to any yet known 
physiological laws, unless, as De Candolle remarks, in supply- 
ing an insufficient quantity of oxygen for absorption. But, 
as we find plants of the plains grow indifferently on the highest 
mountains, it does not seem that there is any such diminution 
of oxygen as interferes with the operations of vegetation. 
The diminution of atmospheric pressure, which of course 
takes place at high elevations, may facilitate evaporation ; but 
we have yet to learn in what precise way that phenomenon 
influences vegetation. 
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From what has now been said, all that is apparent is, that, 
as we ascend in the atmosphere, temperature diminishes and 
light increases in a proportion corresponding, to a certain 
degree, with the climate of higher latitudes; but even to this 
there are exceptions, depending upon particular circum- 
stances, and especially upon the amount of summer heat, of 
which more will be said presently. Thus, at Enontekissi, in 
Lapland, in 68° 30’ N. lat., at an elevation of 1356 feet above 
the sea, a climate which, from its situation, should be scarcely 
clothed with herbage, Von Buch found. corn, orchards, and a 
rich vegetation. 

Having now seen what great differences are produced in 
the characters of vegetation by elevation above the sea, let us 
next take a view of the infiuence caused by latitude. In the 
countries lying near the equator, the vegetation consists of 
dense forests of leafy evergreen trees, palms, and arborescent 
ferns, among which are intermingled epiphytal herbs and 
rigid grasses: there are no rich verdant meadows, such as 
form the chief beauty of our northern climate ; and the lower 
orders of vegetation, such as mosses, fungi, and confervee, are 
very rare: Myrtaceze, Melastomaceze, Musaceze, Piperaceze, 
Scitaminese, and frutescent Compositae abound. As we re- 
cede from the equator these gradually give way to trees with 
deciduous leaves, to Coniferse, Rosacese, and Amentacee; 
rich meadows appear, abounding with tender herbs; the 
epiphytal Orchideze disappear, and are replaced by terres- 
trial fleshy-rooted species; mosses clothe the trunks of aged 
trees; decayed vegetables are covered with parasitical fungi ; 
and the waters abound with Confervae. Approaching the poles, 
trees wholly disappear; dicotyledonous plants of all kinds 
become comparatively rare; and grasses and cryptogamic 
plants constitute the chief features of vegetation. ‘To what 
cause, except that of temperature, and perhaps light, these 
effects are to be ascribed, is unknown. ‘They are found to 
exist equally towards either pole; and it is evident, from the 
uniform manner in which the influence of the controlling 
cause, whatever it may be, is exercised, that the laws under 
which the geographical distribution of plants is determined, 
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are as certain and immutable as any of those with the nature 
of which we are acquainted. It is probable that temperature 
is the principal cause, from the well-known fact that the 
vegetable productions of hot climates can be successfully cul- 
tivated in cold ones by the aid of heat; and that the plants of 
cold climates may be cultivated in hotter climates by an arti- 
ficial reduction of temperature. But that other causes also 
operate, is apparent from the impossibility of cultivating the 
plants of any high latitudes in those considerably to the south. 
Thus, when living plants were brought to England from Mel- 
ville Island, no means whatever could be discovered of keeping 
them alive, although the temperature at which they were main- 
tained did not materially vary from that to which they must 
have been often exposed, in the summer season, in their own 
climate. Assuming, however, for the present, that temper- 
ature is the most efficient cause of variety in the distribution 
of plants, the first point to consider is, how far temperature 
and latitude are uniformly the same in either hemisphere. 
This has been discussed, with his habitual skill, by Humboldt, 
of whose observations I must avail myself in nearly all that I 
can say upon the subject. According to this observer, the 
geographical parallels of latitude do not indicate correspond- 
ing temperature, either in the old and new world, or in the 
northern and southern hemispheres. In the new world the 
temperature decreases more rapidly as we recede from the 
equator than in the old world; and in the southern hemi- 
sphere, beyond the parallel of 34°, the summers are colder than 
in corresponding latitudes of the northern hemisphere; but 
the winters milder. On this account Humboldt concludes 
that “the lines of equal mean annual heat, which may be 
called zsothermal, are not parallel with the equator, but inter- 
sect the geographical parallels at a variable angle.” 

The following table shows the difference in the mean annual 
heat of the same latitudes in the old and new worlds : — 
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Mean Heat of the Year in the 
Latitude. | ————-—_——__|_ Difference. 
Old World. New World. 


OF 80° 80° 0° 


20 77 77 O 
30 70 67 3 
40 63 54 9 
50 50 38 12 
60 40 24 16 


Hence it appears that the old world is much warmer than 
the new, and that the temperature of America does not de- 
crease, from Florida to the Gulf of St. Lawrence, in the 
same ratio as in Europe, from Egypt to Scandinavia. But 
although, in the temperate parts of North America, the mean 
annual heat of a given place is the same as that of Europe 
some degrees more to the northward, yet the temperature of 
particular seasons does not accord in the same degree ; but the 
colder the winters the hotter the summers are found: thus,— 


The summer of Philadelphia, lat. 39° 56’ N. is the 


same as that of Rome - - lat. 41° 53’N. 
The winter of Philadelphia, lat. 39° 56’ N. is the 

same as that of Vienna ¥ : - lat. 48° 13°N. 
The summer of Quebec, lat. 46° 47’ N. is hotter 

than that of Paris - - - - lat. 48° 50’ N. 
The winter of Quebec, lat. 46° 47'N. is colder 

than that of St. Petersburgh - - - lat. 59° 56! N. 


In general, the summers of the temperate parts of North 
America, as far as 40° N. lat., are about 4° warmer than in 
Europe under the same isothermal parallel ; whence it can be 
understood why magnolias and other equinoctial-looking trees |; 
extend so far to the north, since, in the parallel of 36°, thé — 
summer heat to which these trees are exposed scarcely differs 
from the mean annual heat of the equator. It is, therefore, 
extremely important in the study of botanical geography, to 
take into account, not only the mean temperature of the year, 
but also the mean summer heat. 

According to Barton, the climate to the west of the Alle- 
ghany mountains is much warmer than that on the east, or 
Atlantic side, where the same plants exist 3° or 4° higher up 
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on the west than on the east side of the range. It is probable, 
however, that this difference does not extend higher up than 
Lake Erie, in 42° N. lat.; for, both beyond Lake Superior 
and Hudson’s Bay, the earth is said to be constantly frozen at 
three feet from the surface ; a phenomenon which also occurs 
in Siberia, about the river Lena, in about 62° N. lat., near 
the town of Jakutsk ; while, in Lapland, in 70° near Vadsoe, 
the temperature of the earth is found to be as much as 3° 
or 4° above the freezing point; whence it appears that the 
climate of the north of Europe is warmer than that of the 
same latitudes in Asia and America. We therefore shall not 
be far away, if we conclude that the isothermal lines bend 
towards the tropics in Europe, and towards the poles in Tar- 
tary and America. 

As we approach the equator there appears to be little differ- 
ence in the mean temperature of the year, either in the new 
or old world. 


Of the Old World. 


The mean temperature of Senegal is 79.7° in lat. 24° 30! N. 
of Madras is 80.4° in lat. 13° 5’ N. 
of Batavia is 77.4° in lat. 6° 10” S. 
of Manilla is 78.0° in lat. 15° N. 


Of the New World. 


The mean temperature of Cumana is 81.6° in lat. 10° 27’ N. 
of the Antilles is 81.6° in lat. 15° N. 
of Vera Cruz is 78.0° in lat. 19° 12’N. 
of Havannah is 78.0° in lat. 23° 12! N. 


It is probable, however, that the summers of Asia are more 
fervid than those of America; for, according to Roxburgh, 
the mean temperature of Madras, in latitude 13° 5’ N., in the 

month of July, is 89.4°; while that of Cumana, in latitude 
10° 27’, does not exceed 84.4°. 

To the south of the equator, the temperature of the east 
seems to be higher than that of corresponding latitudes in 
the west: thus, the mean temperature of the Mauritius, in 
20° 9’ S. lat., has been ascertained to be 80.4°; while that of 
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Rio Janeiro, in latitude 20° 59’ S., is as low as 74.8°; and at 
the Havannah, in nearly the same parallel in the northern 
hemisphere, it ranges between 77° and 77.9°. The whole of 
the western coast of South America, as far as the sands of 
Peru, in latitude 10° and 14° S., are affected so much by the 
continual prevalence of clouds and the low temperature (59.9°) 
of the currents setting round Cape Horn, that the mean tem- 
perature of the year in those parts does not exceed 68° or 69°. 
Hence the plants of Lower Peru live in a temperature not ex~- 
ceeding, by day, 68° or 72°, and by night 59° or 62°. Near 
the coast Humboldt observed the thermometer as low as even 
55.4° in 12° 2’ S. lat. With this exception, there is little dif- 
ference in the temperature of the southern hemisphere as low 
as 34° S. lat., either in New Holland, Africa, or America. 
The mean temperature of Port Jackson, in 33° 51! S. lat., has 
been ascertained to be 66.6°; of the Cape of Good Hope, in 
35° 55’ S. lat., to be 66.8°; and of Buenos Ayres, in 34° 86’ 
S. lat., to be 67.6°. In the northern hemisphere the mean 
temperature, in latitude 34°, is 67.8°. It is extremely pro- 
bable that, as far as the parallel of 57° S. lat., the differences 
in the temperature of the two hemispheres are greater in the 
summer than the winter. ‘The cold of the Falkland Islands, 
in latitude 513° S., is less than that of London in the same 
latitude to the north. ‘The arborescent ferns and epiphytal 
Orchideze are often injured by the cold in Van Diemen’s 
Island, latitude 42° S.; and in the southern part of New 
Zealand, latitude 46° S., Cook observed, in latitude 43°- 
44° §., in July in the middle of winter, that the thermometer 
at noon was usually between 46° and 51°. At Rome, latitude 
41° 53’ N., the thermometer at noon in January rarely reaches 
51°—53°: in Paris the mean noon-day temperature of January 
is, according to Arago, 38.7°. For this reason it is supposed 
that the climate of the southern hemisphere does not differ 
from that of the north so much in the greater coldness of the 
winters as of the summers. According to Humboldt, the 
greatest heat in the parallels of 48° and 58° of S. lat. does 
not exceed 43.7°—46.8° ; while at St. Petersburgh and Umea, 
in 59° 66° and 63° 50’ N. lat., it is 65.2° and 62.6°. In the 
Straits of Magellan, between 53° and 54°. S. lat., snow falls 
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almost daily in the middle of summer ; and, in the same place, 
in the middle of December, the sun not setting for eighteen 
hours together, Krusenstern observed that the thermometer 
never rose higher than 52°; while, on the contrary, Von 
Buch remarked it as high as 79.4° in Lapland under the 
parallel of 70°. In 60° S. lat., which nearly answers to the 
position of St. Petersburgh in the northern hemisphere, Cook 
and Forster found the temperature at midsummer not higher 
than 36°; and icicles were continually forming on their ship. 
Even in the extreme points of Lapland, in 70° N. lat., the 
pines attain the height of sixty feet; while at the Straits of 
Magellan and in Station Island, near New Year’s Harbour, 
in latitude 55° S., nothing like a tree is found, except scrubby 
birches and Winteree. 

Viewing the distribution of plants with respect to longitude, 
we find that, while the great forms of vegetation are wholly 
controlled by circumstances attendant upon the parallels of 
latitude, there are wide differences, of a secondary nature, 
which correspond in some with the parallels of longitude ; 
and that particular genera and species do not extend beyond 
the limits of particular districts, to which they give peculiar 
features. ‘Thus, in North America, on the east of the Rocky 
Mountains, azaleas, rhododendrons, magnolias, vacciniums, 
acteeas, and oaks, form the principal features of the landscape ; 
while, on the western side of the dividing ridge, these genera 
almost entirely disappear, and no longer constitute a striking 
characteristic of the vegetation. ‘The genera of Proteacez 
and the Ericeze, at the Cape of Good Hope, are replaced in 
New Holland by different genera of Proteaceze, and by Epa- 
erideze; while neither the one nor the other exist on the con- 
tinent of South America, with the exception of some Rhopalas. 
The natural order of Bromeliacez is exclusively confined to 
America: Calathea, a genus of Marantaceee, is only found on 
the same continent: cinnamon, cloves, and nutmegs are con- 
fined to the Indian Archipelago; and hundreds of other in- 
stances are to be named of similar exclusive stations. Whether 
these differences depend upon geological causes, or arise from 
some other circumstances, is entirely unknown. 

Such are the most striking facts connected with the dis- 
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tribution of temperature with respect to vegetation. It will 
have been seen that little is known of the proportion of 
humidity in the atmosphere of different climates, and that the 
amount of light in various latitudes has scarcely been noticed. 
That the effect of both these agents upon vegetation is most 
important, cannot be doubted; especially of the latter, upon 
which the most material vital functions of vegetation mainly 
depend: but, unfortunately, there are no data from which the 
precise amount or action of light in different latitudes can be 
appreciated. 

I shall now proceed to state what is known or conjectured 
of the distribution of the different orders or divisions of vege- 
tables over the surface of the globe. In doing this, I shall 
merely translate a portion of the very valuable essay of 
Humboldt upon the subject, as published in the Dictionnaire 
des Sciences Naturelles, vol. xvill. p. 422., in which is compre- 
hended the sum of all that is known of the laws that are 
observed in the distribution of the various forms of vege- 
tation. — “ The numerical relations of the forms of vegetation 
are capable of being investigated in two very different modes. 
Supposing that the natural families of plants are studied 
without reference to their geographical distribution, the ques- 
tion will arise as to which type of organisation it is after 
which the greatest number of species have been created. Are 
there most Glumacez (Cyperaceze, Graminez, and Junces, 
are so called by Humboldt), or Composite in the world? 
Do these two tribes together constitute a fourth part of phe- 
nogamous vegetation? What proportion is borne by Monoco- 
tyledones to Dicotyledones? Questions of this kind refer 
rather to the science of vegetable organisation and of mutual 
affinities. But if, instead of studying natural groups of spe- 
cies in this abstract manner, we view them with reference to 
the relations they bear to climate or to the distribution over 
the surface of the globe, other questions of a much more 
varied nature will arise. Which families, for instanee, are 
more predominant in the torrid zone than in the polar circle ? 
Are Compositae more numerous in the same parallel of latitude 
or in the same isothermal line in the old world or the new? 
Do those forms which are found to diminish in retreating from 
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the equator to the pole follow a similar law of decrement in 
rising from the plains into the mountains of the equator ? Do 
the proportions borne by one family to another vary on the 
same isothermal line; and are such proportions the same on 
either side of the equator? ‘These are, properly speaking, 
questions of geographical botany: they are connected with 
the most important problems of meteorology, and of the 
physics of the globe in general. 

“In studying the geographical distribution of particular 
forms, we can pause either at a consideration of particular spe- 
cies, genera, or natural families. It often happens that a parti- 
cular species, especially of those kinds which I have called 
social, covers a vast extent of country : such, for instance, are, 
in the north, the heaths and forests of pines; such are, in 
equinoctial America, the assemblages of multitudes of Cactus, 
Croton, Bambusa, and Brathys, of the same species. It is 
curious to examine such instances of multiplication and organic 
developement. We may enquire what species, in a given 
zone, produces the greatest number of individuals ; and we 
may mark the families to which the predominant species 
belong in different climates. 

“In a northern climate, where Composite and ferns are to 
phzenogamous plants in the relation of one to thirteen, and of 
one to twenty-five (that is to say, when these proportions are 
found by dividing the total number of phanogamous plants 
by the number of Composite and ferns), one single species of 
fern may occupy ten times as much land as all the Compositee 
put together. In such a case, ferns would exceed Compositee 
by their mass, by the number of individuals belonging to par- 
ticular species of Pteris or Polypodium ; but they would not 
exceed them if a comparison were instituted between the dif- 
ferent forms exhibited by the two groups of Composite: and 
ferns, and the sum total of phanogamous species. As the 
multiplication of all species does not follow a single law, and 
as they do not all produce an equal number of individuals, 
the quotients obtained by dividing the total number of pheeno- 
gamous plants by the number of species of different families 
do not by themselves determine the aspect, or, it might almost 
be said, the nature, of the monotony of vegetation in different 
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quarters of the world. A traveller is often surprised at the 
continual repetition of individuals of one species, and of the 
masses of such individuals which are continually occurring ; 
but he has equal reason to wonder at the rarity of other spe- 
cies which are useful to mankind. ‘Thus, in countries where 
whole forests are formed by Rubiaceze (Cinchonaceze), Legu- 
minosze, and Terebinthacez, the Cinchonas, logwood, and 
basalm trees are comparatively very rare. 

‘¢In the consideration of species, the subject may also be 
viewed in an absolute manner with reference to the number of 
species which prevail in particular zones. ‘This interesting kind 
of comparison has been made in M. De Candolle’s grand work, 
and Mr. Kunth has carried it into effect with more than 3500 
Composite now known. It does not, indeed, indicate what 
families predominate, in a given degree, over other phzenoga- 
mous plants, either with regard toe the number of species, or 
the mass of individuals; but it determines the numerical 
relations of species of the same family in different latitudes. 
The most varied forms of ferns, for instance, are found in the 
tropics; it is in the mountainous, temperate, humid, and 
shady regions of those parts of the world, that the family of 
ferns produces the greatest number of species. In the tem- 
perate zone there are fewer than in the tropics, and the total 
number continues to decrease as we approach the pole; but 
as a cold country, Lapland, for instance, produces species 
that have a greater power of resisting low temperature than 
the great mass of phanogamous plants, it happens that, in 
Lapland, the relative proportion borne by ferns to the rest of 
the flora is greater than in France or Germany. ‘The nume- 
rical relations which appear in the tables that are now about 
to be produced, are entirely unlike the relations indicated 
by an absolute comparison of the species that vegetate under 
different parallels of latitude. The variation which is observ- 
able in proceeding from the equator to the poles is conse- 
quently different in those two methods. In that of fractions, 
which is adopted by Mr. Brown and myself, there are two 
causes of variation ; that is to say, the total numbers of phe- 
nogamous plants do not vary in passing from one parallel of 
latitude, or rather from one isothermal zone to another, in 
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the same proportions as the number of species of a given 
family. 

‘* If from species or individuals of the same form, which re- 
produce themselves in conformity to certain fixed laws, we 
pass to those divisions of the natural system which are ab- 
stractions of different degrees of importance, we may either 
confine ourselves to genera, or orders, or sections of a still 
higher degree. ‘There are certain genera and families which 
belong exclusively to certain zones, and a particular com- 
bination of the conditions of climate; but there is also a great 
number of genera and families, of which we find represent- 
atives under all zones and at all elevations. ‘The earliest 
researches upon the geographical distribution of forms were 
those of M. Treviranus, published in his ingenious work on 
Biology (vol. ii. pp. 47. 63. 83. 129.), and the object of these 
was the stations of genera upon the globe. But it is more 
difficult to obtain general results from such a method than 
from that which compares the number of species of each 
family, or the great groups of a particular family, to the whole 
mass of pheenogamous plants. In the frozen zone, the variety 
of genuine forms does not diminish in any thing like the 
degree of decrement of species; a greater number of genera, in 
a given number of species, is always to be found in such 
countries: and so it also is with the summits of high moun- 
tains, which are colonised by a great number of genera sup- 
plied by the more abundant vegetation of the plains. 

“It is very instructive to study the vegetation of the 
tropics and of the temperate zone between the parallels of 
40° and 50°, in two different ways : firstly, in determining the 
numerical properties of the flora of a large extent of country, 
including both mountains and plains; and, secondly, in ascer- 
taining those proportions for the plains only of the temperate 
and torrid zones. As in our herbaria we have indicated, by 
barometrical measurement, the elevation of each plant in more 
than 4000 cases above the level of the sea in equinoctial Ame- 
rica, it will be easy, when the account of the species is 
completed (it is now completed), to separate those which 
grow at or above an elevation of 6000 feet from such as are 
inhabitants of a lower region. This operation will affect 


BOOK V. GEOGRAPHY. 495 


most sensibly those families that abound in alpine species ; as, 
for instance, Gramineze and Composite. At 6000 feet of 
elevation, the mean temperature of the air, on the back of the 
equatorial Andes, is 62° 6%, which is equal to that of July at 
Paris. Although, upon the table-land of the Cordilleras, we 
find the same annual temperature as in high latitudes, yet it 
is not right to generalise too much such analogies between 
the temperate climates of equatorial mountains and low sta- 
tions in the circumpolar zone. ‘These analogies are not so 
great as is supposed; they are much influenced by the partial 
distribution of heat in different seasons of the year. The 
quotient does not regularly change, in rising from the plains 
into the mountains, in the same manner as it does in ap- 
proaching the pole; as happens with Monocotyledones in 
general, ferns, and Compositee. 

“¢ We may, moreover, remark, that the developement of the 
vegetation of different families depends neither upon geogra- 
phical or isothermal latitude alone; but that, on the con- 
trary, the quotients are not in accordance on the same 
isothermal line of the temperate zone in the plains of America 
and of the old world. Under the tropics, there is a remark- 
able difference between America, India, and the western side 
of Africa. ‘The distribution of organised beings over the 
surface of the globe depends not only upon very complicated 
conditions of climate, but also upon geological causes, the 
nature of which is wholly unknown, but which are connected 
with the original state of our planet. In the equinoctial zone 
of Africa palms are not very numerous, if compared with the 
much greater number in South America. Differences such 
as these, far from turning us from a search after the laws 
of nature, should, on the contrary, excite us to contemplate 
those laws in their most complicated forms. Lines of equal 
heat do not follow the parallel of the equator; they have con- 
vex and concave summits, which are distributed very regularly 
over the globe, and form different systems along the eastern 
and western sides of the two worlds, in the centre of conti- 
nents, and in the vicinity of oceans. It is probable that, 
when the globe shall have been more correctly examined, it 
will be found that the lines of maxima of grouping (that is, 
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lines drawn through those points where the fractions are 
reduced to the smallest denominator) will be isothermal 
lines. If we divide the globe into lines of longitude, and 
compare the numerical proportions of those lines under 
similar isothermal latitudes, the existence of different sysf@ms 
of grouping will at once be evident. From such systems can 
be distinguished, eyen in the present imperfect state of our 
knowledge, those of the new world, of western Africa, of 
India, and of New Holland. As we find that, notwithstanding 
the regular increase of heat from the equator to the poles, the 
maximum of heat is not always identical in different countries 
in different degrees of longitude; so there exist places where 
certain families attain a greater degree of developement than 
elsewhere; as is the case with Composite in the temperate 
region of North America, and especially at the southern ex- 
tremity of Africa.” 

Now follow tables of the different numerical proportions of 
certain extensive families and divisions of plants, as far as 
they have been ascertained. I give them in Humboldt’s 
words, with a few interpolations, which are distinguished by 
being included within crotchets [ ‘} 


** ACOTYLEDONES. 


“« Cryptogamic plants (fungi, lichens, mosses, and ferns) ; 
cellular and vascular Agamze of De Candolle. Taking the 
plants of the plains along with those of the mountains, we 
have found, under the: tropics, 4; but their number ought 
to be much greater. Brown has shown that it is probable 
that, in the torrid zone, the proportion is =4 for the plains, 
and 1 for the mountains. In the temperate zone cryptoga- 
mous plants are generally to pheenogamous as | to 2; in the 
frozen zone they maintain as large a proportion, and often 
much surpass it. [In Melville Island the numbers are 
58 crypt. to 67 phzenog., or nearly equal: in Sweden, ac- 
cording to the computation of Wahlenberg, they are some- 
thing less than 4 to 1; and it is probable that this is a near 
approximation to the true proportions of Sweden, the erypto- 
gamic flora of that country having been more accurately 
investigated than that of any other part of the world. ] 
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‘‘ In separating cryptogamous plants into three groups, we 
observe that ferns are more numerous, the denominator of 
the fraction being smaller in the frozen than in the temperate 
zone. lichens. and mosses also increase towards the frozen 
zone. ‘The geographical distribution of ferns depends upon 
the combination of local cireumstances of shade, humidity, 
and moderate warmth. ‘The maximum (that is to say, the 
place where the denominator of the fraction of the group 
becomes the smallest possible) is found to be in the moun- 
tainous parts of the tropics, especially in small islands, in 
which the proportion rises to 4, and even higher. Not dis- 
tinguishing the plains from the mountains, Brown finds the 
proportion of ferns in the torrid zone to be 4: in Arabia, 
India, New Holland, and Western Africa (within the tropics) 
it is sg: our American herbaria only indicate #4: but ferns 
are rare in the wide valleys and arid table-land of the Andes, 
where we were constrained to reside a long time. In the 
temperate zone ferns are 75, in France 4,, in Germany, ac- 
cording to recent observations, +;. The group of ferns is 
extremely rare on Atlas, and is almost entirely absent from 
Egypt. [In Sicily, Presl finds them 35; in Sweden, according 
to Wahlenberg, they are about ;4,5-] In the frozen zone 
ferns appear to increase to z';. [There are none in Melville 


Island. ] 


** WONOCOTYLEDONES. 


«The denominator becomes progressively smaller in going 
from the equator to 62° N. lat.; it again increases in still 
more northern regions, on the coast of Greenland, where 
Graminez are very rare. [Brown remarks that, in the 
list of Greenland plants, Dicotyledones are to Monocoty- 
ledones as 4 to 1, or in nearly the equinoctial ratio; and in 
Spitzbergen, as well as can be judged, the proportion of Di- 
cotyledones appears to be still further increased. This inver- 
sion was found to depend as much on the reduction of the 
proportion of Graminez as on the increase of certain dicoty- 
ledonous families, especially Saxifrageze and Cruciferae. The 
flora of Melville Island is, however, very different, Dicoty- 
ledones being to Monocotyledones as 5 to 2, or in as low a 
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ratio as has any where been observed; while the proportion 
of grasses is nearly double that of any part of the world. 
“Parry’s Appendix.) The proportion varies from + to $ in 
different parts of the tropics. Among 3880 phanerogamous 
plants found in equinoctial America by Bonpland and myself, 
there are 654 Monocotyledones and 3226 Dicotyledones ; 
here, therefore, the great division of Monocotyledones forms 
+ of phenogamous plants. According to Brown, this propor- 
tion is in the old world (India, equinoctial Africa, and New 
Holland) 4. Under the temperate zone it is found to be 4; 
France 1: 42; Germany 1 : 45; North America, according to 
Pursh, 1:43; kingdom of Naples 1 : 44; Switzerland 1 : 4}; 
Great Britain 1:33; [Sweden 1 : 33%; but in Sicily, accord- 
ing to Pres], it is 1 : 53%, which is much too high]. In the 
frozen zone 4. 

“* GLUMACEs (that is to say, the three families of Juncez, 
Cyperaceze, and Graminez united). — Trop. ~;; Temp. 4; 
Frozen 3. This increase towards the north is due to the 
greater prevalence of Junceze and Cyperaceze, which are much 
more rare, as compared with other phanogamous plants, in 
the temperate and torrid zones. Comparing the species of 
these three families, we find that Gramineze, Cyperacese, and 
Junceze are in the tropics as 25, 7, 1; in the temperate parts 
of the old world as 7, 5, 1; within the polar circle as 22, 22, 
and 1. In Lapland there are as many Graminez as Cype- 
raceze; thence, towards the equator, Cyperaceze and Juncez 
diminish much more than Graminez. ‘The form of Juncez 
almost disappears in the tropics. 

“* JuNcE& alone. — Trop. 349: Temp. , (Germany gz, 
France #5), [Sicily 343]; Frozen zs, [Melville Island ;'5]. 

‘* CypERACEX alone.— Trop. America scarcely 5, Western 
Africa =';, India 35, New Holland 7;; Zemp. perhaps x5; 
(Germany 1's, France, according to De Candolle, z';, Den- 
mark ;'5,) [Sweden rather more than =/y, Sicily 34]; Lrozen 4, 
in Lapland and Kamtschatka; [Melville Island +>]. 

“‘ GRAMINE&X alone. — Trop. I have always supposed~';; but 
Brown finds for western Africa +5, for India =4 ; and Horne- 
man makes the proportion of Guinea +5 ; Temp. Germany i's; 
France 73, [Sweden not quite 4, Sicily 7o]; Frozen zo; 
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“© DICOTYLEDONES. 


‘“ComposiTa. Not distinguishing plants of the plains from 
those of the mountains, we found them in equinoctial America 
+ and +; but of 534 composite of our herbaria, only 94 were 
found between the plains and 3000 feet of elevation; a height 
at which the mean temperature is 71° 3’, equalling that of 
Cairo, Algiers, and Madeira. From the plains to 6000 feet, 
where the mean temperature is that of Naples, we found 265 
composite. ‘Therefore the proportion of composite in the 
regions of equinoctial America, below 6000 feet, is from 4 to 
io- This result is very remarkable, inasmuch as it proves 
that, within the tropics in the low and hot region of the new 
continent, there are fewer composite; and in the subalpine 
and temperate regions, more than under the same conditions 
in the old world. Brown finds for the Congo River and Sierra 
Leone 343, for India and New Holland ;';. In the temperate 
zone composite are, in America, $; and this is probably the 
proportion borne by composite: on the very high stations of 
equinoctial America, to the whole mass of phznogamous 
plants in the same places; at the Cape of Good Hope 4, in 
France +, or more properly, 3%, in Germany 4 [in Sweden 
between ='5 and =4;, in Sicily rather less than 4]. In the 
frozen zone composite are, in Lapland 7's, in Kamtschatka 54, 
fin Melville Island +4). 

“ LeGuminos&.— Trop. America -'3, India 4, New Hol- 
land 4, western Africa 4; Temp. France 4, Germany 3, 
North America 54, Siberia ;4, [Sweden 34, Sicily +]; 
Frozen 3, [Melville Island .1,}. 

“ Lasrata.— Trop. 75; Temp. North America 1, Ger- 
many z';, France 4, [Sicily =, Sweden 34]; Frozen 4,, 
[Melville Island 0]. The scarcity of Labiate and Cruci- 
feree, in the temperate zone of the new continent, is a very 
remarkable phenomenon. 

“¢ Matvacex.— Trop. America 77, India and western Africa 
3a) the coast of Guinea alone 3; Temp. 53,; Frozen 0, 

““CRUCIFERZ.— Trop. Scarcely any, except in mountainous 
regions beyond from 7,000 to 10,000 ft. of elevation ; France 
75, Germany 73, [Sweden +4, Sicily 7, Balearic Islands 
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according to Cambessedes 3;, Melville Island +] North Ame- 
rica $5. 

“¢ RuBpracEx.— Without dividing the family into several sec- 
tions we find for the Zropics, in America 4, in Western 
Africa =1,; for the Temperate zone, in Germany -,, in France 
-!; for the frozen zone in Lapland ,1,.. Brown separates the 
great family of Rubiaceze into two groups, distinguished by 
peculiar relations to climate. That of Stellatee without stipule 
principally belongs to the temperate zone ; it is almost wholly 
absent under the tropics, except on the summit of mountains. 
The group, with opposite stipulate leaves, (Cinchonacee, 
Lindl.) belongs exclusively to equatorial regions. 

‘¢ KUPHORBIACEX.— Trop. America 1, India and New 
Holland 34, Western Africa 35; Temp. France 4 70 Germany 
sho ye ss, Sweden 733, Balearic Islands #5]; Frozen, 
Lapland 33>: 

“ Ericexz.— Trop. America 7}5; Temp. France 745, Ger- 
many v5, North America 35; Frozen, Lapland 34 


“ AMENTACEE. — Trop. America 3}5; Temp. France 35; 
Germany 75, N. America ;4; Frozen, Lapland ;* 
*“ UMBELLIFER&. — Scarcely any in the tropics below 


7000 feet, but taking together, in equinoctial America, both 
the plains and the high mountains, 7}5: in the Temp. zone 
much more in the old than in the new world, France 34, 
North America 3; Frozen, Lapland ;\. 

“In comparing the two worlds, we find in general in the 
new continent, under the equator, fewer Cyperacese and 
Cinchonacez, and more Composite ; in the temperate zone 
fewer Labiatee and Cruciferee, and more Compositee, Ericeze, 
and Amentaceze, than in the corresponding zones of the old 
world. ‘The families that increase from the equator towards 
the poles (according to the method of fractions) are Glumacez, 
Ericese, and Amentaceze; those which diminish from the 
equator to the pole are Leguminose, Rubiaceze, EKuphor- 
biaceze, and Malvaceze; the families that appear to attain 
their maximum in the temperate zone, are Composite, 
Labiatze, Umbelliferze, and Crucifere.” 

To these most instructive and interesting remarks Hum- 
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From what has now been said, it would seem that the forms 
assumed by vegetation in different latitudes are dependent 
upon particular conditions of climate and soil, and that it is to 
variations of these conditions that we are to ascribe the differ- 
ence between the Flora of the equator and of the polar regions. 
And this is no doubt true: but there are, nevertheless, some 
plants which have a remarkable power of adapting themselves 
to all climates and circumstances; and there are others which 
readily naturalise themselves in climates similar to their own. 
Of the latter, examples present themselves at every step; all 
the hardy plants of our gardens may in some sort be con- 
sidered of this nature; for although they do not grow spon- 
taneously in the fields, they flourish almost without care in 
our gardens. ‘The pine-apple has gradually extended itself 
eastward from America, through Africa, into the Indian 
Archipelago ; where it is now as common as if it were a plant 
indigenous to the soil; and in like manner the spices of the 
Indies have become naturalised on the coast of Africa and in 
the West Indian Islands. Of the former description the in- 
stances are not numerous, but they are very remarkable. In 
the woods of Georgia, in North America, grows the Rosa levi- 
gata, which, while all the other species of rose of that country 
are entirely different from those of other regions, is identical 
with the R. sinica of China; to the Flora of which country 
that of North America has no resemblance. Samolus Valer- 
andi is found all over the world, from the frozen north to the 
burning south; associated here with Amentacez and similar 
northern forms, and there mixed with palms and the genuine 
denizens of the tropics. Above 350 species are said to be 
common to Europe and North America, and even among the 
peculiar features of the Flora of New Holland, Brown re- 
cognised 166 European species. Royle has added numerous 
instances of Siberian, European, African, and American 
plants occurring in India. The presence of many of such 
strangers may undoubtedly be referred to the agency of man, 
by whom they have been transported from climate to climate, 
along with corn and by other means; as, for example, at 
Pont Juvenal, near Montpellier, the vicinity of which abounds 
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with Barbary plants; the seeds of which are known to have 
been brought across the Mediterranean along with the Bar- 
bary wool, which is disembarked at that station. In like 
manner the various kinds of corn have been carried about from 
country to country for the service of mankind, until their real 
home has become doubtful. Medicago sativa is common in 
Chili, whither it has been transported by the Spaniards; and 
instances in abundance of similar cases could be produced. 
But it must not thence be inferred, that all cases of species 
growing in places far away from their kindred forms, are to 
be referred to migration: for this, the agency of man, of 
animals, of seas, of wind, and of torrents, will doubtless have 
done a great deal; but none of these causes, nor any other with 
which I am acquainted, will explain the identity of the Calypso 
borealis, Orchis viridis, and Betula nana of North America 
and of Europe; of the Potamogetons common to Europe and 
New Holland; of the Rose, already adverted to, as common 
to North America and China; of the Osmorhiza of the 
Himalayas,with that of the United States ; of the wide diffusion 
of Samolus Valerandi ; and, most especially, of the identity of 
the cryptogamic plants of various countries, plants incapable of 
cultivation, unconnected with the purposes of man, and of all 
others, the most difficult of transport under any form. ‘To us 
it appears that such plants must have been originally created 
in the places where they now exist; the contingent circum- 
stances under which they were found having been favour- 
able to the particular mode of vegetable developement which 
was necessary for their formation. 

One rather important element in all calculations concern- 
ing the geographical distribution of plants is the actual 
number of species upon the surface of the earth. In the ex- 
isting state of herbaria, and with so many large districts 
either altogether or very imperfectly examined, there is no 
possibility of arriving at any thing more than an approxi- 
mation to the true number; and even this may prove so very 
wide of the truth as to be really exceedingly fallacious. 
Nevertheless, some idea of it may be formed from the follow- 
ing data and conjectures :— 
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Pheenogamous Cryptogamous 
The number of described plants in 1827 was, ac- 
cording to Sprengel, about-  - . _ eo 6,000 
To this may be added for errors, and erroneous sup- 
pressions of species, say . _ § 6D 1,000 
Add also for India and the rest of yo - - 10,000) | 
————— America toca - = 90,000 | 2,000 
=> Afica - or - 1A ey aoneest 
77,000 9,000 


That this is not an exaggerated statement in regard to 
America, will be obvious from the following comparison of 
the numbers, in a few cases, of American species admitted by 
Sprengel, and what have since been published by other 
Botanists. 


Number of American species of 


Salvia 99 according to Sprengel, 166 according to Bentham. 
Hyptis 29 208 

Hydrophyllee 12 40 — 
Californian Po- 4 33 


lemoniacez 
HabenariaR. Br. 31 


66 according to Lindley. 
Melastomacee 235 


633 according to De Candolle. 


ete 


410 1146 


So that the number appears already to have been ascer- 
tained to be in these seven cases nearly three times as great 
as Sprengel supposed. 

The best attempt that has yet been made to group these 
species geographically is by Schouw, from whom we take 
(Linn. vol, viii. p. 623.,) the following 


NOTES 


FOR A LECTURE ON THE GEOGRAPHICAL DISTRIBUTION 
OF PLANTS. 


I. Kincpom oF THE MossEs AND SAXIFRAGE. 
(Arctic Alpine Kingdom, — Wahlenberg’s Kingdom.) 
- The Polar countries from the ice-limits to the tree-limits 
(eaaactis 70° N. L. Asia, 68°, Kamtschatka, 58°, middle of 


North America, 68°, Labrador, 58°, the polar islands, Greenland, 
Iceland, 60°.) 
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b. The higher regions of the mountains of Europe, North Asia, 
and probably also of North America. Likewise from the snow-line 
to the tree-limit, namely; in Northern Scandinavia, 1500 — 3000 
French feet, in Southern Scandinavia, 3500— 5200 ; in the Carpathian 
Alps, 4500 — 8000 ; in the Alps on their north side, 5500 — 8200, 
on the south side, 6500 — 8600; the Pyrenees on the north side, 
6500 — 7800, on the south side 6900 — 8600; The Apennines, 
6000 — 9000 ; Caucasus, 5500 — 10,000. The Altai Mountains, 
6000 — 7000. The Greek Mountains, the Balkan, Sierra Nevada. 

Mean Temperature: Polar lands, 1°75° to +41° Fahr.; Mount. 
reg. +20°75° to +36°5°. 

Characteristic and predominating forms. — Ranunculus, Arabis, 
Draba, Arenaria, Dryas, Potentilla, Saxifraga, Rhododendron, Aza- 
lea, Gentiana, Pedicularis, Salix, Musci, Lichenes. For the Polar 
lands particularly: Coptis, Eutrema, Parrya, Diapensia, Andro- 
meda, Ledum. For the mountain regions : Cherleria, Campanula, 
Phyteuma, Primula, Aretia, Soldanella. 

Dwarf herbaceous plants with proportionate large flowers of a 
pure colour. Trees absent. Dominating shrubs and half-shrubs 
in the polar lands-: Betula nana; Salix lanata, fusca, lapponum, 
reticulata, arctica, herbacea; Rubus Chamzmorus, Empetrum 
nigrum ; Andromeda hypnoides, tetragona; Arbutus alpina, Uva 
ursi; Azalea procumbens, Rhododendron lapponicum, Menziesia 
cerulea. In the mountain region: Juniperus nana, Alnus viridis ; 
Salix reticulata, herbacea ; Rhododendron ferrugineum, hirsutum, 
caucasicum ; Vaccinium Myrtillus, uliginosum ; Azalea procumbens; 
Arbutus alpina, Uva ursi; Empetrum nigrum. 

Plants which approach the snow line: Ranunculus glacialis, Saxi- 
fraga oppositifolia, Silene acaulis. In the Polar lands particularly : 
Agrostis algida; Ranunculus hyperboreus, nivalis; Papaver nudi- 
caule, Draba alpina, Lychnis apetala, Diapensia lapponica. In 
the mountain regions: Saxifraga muscoides, bryoides; Cherleria 
sedoides ; Aretia helvetica, alpina; Draba nivalis, Petrocallis py- 
renaica, Arabis bellidifolia, Myosotis nana, Gentiana nivalis, Achil-+ 
lea nana, Linaria alpina. 

No Cultivation. 


II. Kincpom or THE UMBELLIFERE AND CRUCIFERZ. 
(North European and North Asiatic Kingdom. —Linné’s Kingdom.) 


Europe and North Asia from the southern limits of the last 
kingdom to the Pyrenees, the Alps, the Balkan, Caucasus, Altai, 
Dahuria, and the middle regions of the mountains of Southern 
Europe. Mean Temperature, + 27:5° to 56°75°. 
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Character.—Umbelliferze, Cruciferee, Coniferae, Amentacez, Gra- 
minez, Caricez, Fungi, Cichoracez, Cynarocephale : particularly 
in Asia; Halophyte (e. g. Salsola, Salicornia), Astragalez. 

Luxuriant growth of grass. Trees with deciduous leaves. Some 
heaths. 

Predominating trees and shrubs: Pinus sylvestris, Cembra, 
sibirica, Pinaster ; Abies excelsa, pectinata; Larix europea, Ju- 
niperus communis, Betula alba, Alnus glutinosa and incana; 
Fagus sylvatica, Quercus pedunculata and sessiliflora, Carpinus 
Betulus, Castanea vesca, Salices, Populus tremula, Corylus Avel- 
lana, Ulmus campestris, Erica vulgaris, Prunus spinosa, Sorbus 
aucuparia; Acer Pseudo-platanus, platanoides, campestre ; Tilia 
platyphylla, microphylla. 

Cultivated plants: Secale cereale ; Hordeum vulgare, hexasti- 
chon, distichon; Avena sativa; Triticum vulgare, Spelta; Zea 
Mays, Panicum miliaceum, Solanum tuberosum, Polygonum 
Fagopyrum. 

Pyrus Malus, communis ; Cydonia vulgaris, Cerasus vulgaris and 
avium, Prunus, domestica, Armeniaca vulgaris, Persica vulgaris, 
Morus nigra, Juglans regia, Vitis vinifera; Ribes rubrum, Grossu- 
laria, nigrum; Fragaria vesca, Cucumis Melo. 

Brassica oleracea, Rapa; Raphanus sativus, Sinapis nigra and 
alba, Pisum sativum, Phaseolus vulgaris, Faba vulgaris, Ervum 
Lens, Spinacia oleracea, Beta vulgaris, Cucumis sativus, Cucurbita 
Pepo, Carum Carvi, Daucus Carota, Humulus Lupulus, Linum 
usitatissimum, Cannabis sativa, Brassica Napus. 

Trifolium pratense and repens, Vicia sativa, Medicago sativa, 
Lolium perenne. 


III]. Kinepom or LaBiaAT# AND CARYOPHYLLE. 
(Mediterranean Kingdom. — De Candolle’s Kingdom.) 


The regions which border the Mediterranean Sea, limited on 
the North by the Pyrenees, the Alps, the Balkan, and Caucasus ; 
on the South, by Atlas and the deserts of North Africa; on the 
East by Taurus. Mean Temperature, + 54°5° to 72°5°. 

Character. Labiate, Caryophyllez, Boraginez, Cistinez, Li- 
liacezee. The orders mentioned under I].; but the most of 
them less predominating, particularly Caricez. Representations 
of tropical orders: Palma, Terebinthacee, Laurinee. Orders 
which increase towards the equator are more numerous than in 
II., as Leguminosee, Malvaceze, Solanesze, Euphorbiacez, Urticeze. 

Adonis, Nigella, Trifolium, Medicago, Genista, Cytisus, Scabiosa, 
Anthemis, Achillea, Verbascum, Narcissus. Many evergreen trees 
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andshrubs. A greater number of ligneous plants than inII. The 
growth of grass less luxuriant. 

Predominating trees and shrubs : — Pinus Pinea, Pinaster, hale- 
pensis, Laricio ; Cupressus sempervirens; Juniperus phoenicea, ma- 
crocarpa ; Quercus Cerris, pedunculata, sessiliflora, lex, Suber, Hgi- 
lops, coccifera, infectoria ; Castanea vesca, Platanus orientalis, Alnus 
cordifolia, Corylus Colurna, Ostrya vulgaris; Acer monspessulanum, 
neapolitanum; Pistacia Terebinthus, Lentiscus; Ceratonia Siliqua, 
Cercis Siliquastrum, Genista scoparia, Mespilus Pyracantha, Prunus 
Laurocerasus ; Tamarix gallica, africana; Myrtus communis, Punica 
Granatum, Opuntia vulgaris (Cactus), Viburnum Tinus, Arbutus 
Unedo, Erica arborea and scoparia; Rhododendron ponticum, 
maximum ; Cistus sp.; Phillyrea latifolia, angustifolia; Ornus euro- 
pea and rotundifolia, Nerium Oleander, Rosmarinus officinalis, 
Ephedra distachya, Chamerops humilis, Ruscus aculeatus, Smilax 
aspera, Tamus communis, Agave americana. 

Cultivated plants, the same as under II.; but the following are 
either scarce, or only to be found on mountains :— Secale cereale ; 
Ribes rubrum, Grossularia, nigrum; Polygonum Fagopyrum, Hu- 
mulus Lupulus. 

The following are to be added :— Oryza sativa, Sorghum vulgare, 
Panicum italicum, Ficus Carica, Amygdalus communis, Pistacia 
vera; Citrus Limonum, Medica, vulgaris, Aurantium; Opuntia 
vulgaris, Cucurbita Citrullus, Olea europzea; Solanum Melongena, 
Lycopersicum; Pimpinella Anisum, Coriandrum sativum, Gossy- 
pium herbaceum, Morus alba, Crocus sativus, Rhus Coriaria, Lu- 
pinus albus, Onobrychis sativa. 

Note 1. Madeira, the Azores, and the Canary Islands belong to 
this kingdom ;. but their Flora approaches to that of tropical Africa. 
Characteristic forms are — Sempervivum arboreum, canariense, 
tortuosum, etc.; Ilex Perado, Plocama pendula, Cacalia Kleinia, 
Sonchus fruticosus, Arbutus callicarpa, Ardisia excelsa, Ceropegia 
aphylla, Echium giganteum etc., Laurus foetens; Euphorbia bal- 
samifera, canariensis; Myrica Faya, Pinus canariensis. 

Note 2. The highest regions of this kingdom belong to I., and 
the middle to II. 


IV. Kincpom or ASTEREZ AND SOLIDAGINE. 
(North Northern-American Kingdom.— Michaux’s Kingdom.) 
North America from the southern limits of the first kingdom to 
36°N.L. Mean Temperature, —9-5° to 59°. 
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Character.— More sorts of Coniferee and Amentacez than in 
II. ; but few Umbelliferze, Cruciferae, Cichoracez, Cynarocephale. 

Hydrastis, Sanguinaria, Hudsonia, Ptelea, Robinia, Gymnocladus, 
Purshia, Gillenia, Decodon, Cinothera, Clarkia, Ludwigia, Bar- 
tonia, Claytonia, Heuchera, Ilex, Hamamelis, Mitchella, Aster, 
Solidago, Liatris, Rudbeckia, Galardia, Vaccinium, Andromeda, 
Kalmia, Sabbatia, Houstonia, Hydrophyllum, Phlox, Monarda, 
Dodecatheon, Dirca, Hamiltonia, Lewisia, Trillium, Medeola. 

Predominant trees and shrubs: Pinus Strobus, inops, resinosa, 
Banksiana, variabilis, rigida, serotina, pungens; Abies balsamea, 
taxifolia, canadensis, nigra, rubra, alba ; Larix pendula,microcarpa ; 
Thuja occidentalis,sphzroidea; Juniperus virginiana, Sabina; Taxus 
canadensis, Quercus 25 sp. ; Fagus sylvatica, ferruginea ; Castanea 
americana, pumila; Ostrya virginica, Carpinus americana; Corylus 
americana, rostrata; Alnus glutinosa, crispa, serrulata; Betula 
nigra, papyracea, etc.; Salix 27 sp.; Populus balsamifera, moni- 
lifera, etc.; Myrica cerifera etc.; Platanus occidentalis, Liqui- 
dambar styraciflua; Juglans nigra, cinerea, etc.; Ulmus ame- 
ricana etc.; Nyssa aquatica, Fraxinus alba, nigra, etc.; Ornus 
americana, Ribes floridum, aureum, etc.; Vaccinium 20, Andro- 
meda 10; Kalmia latifolia, angustifolia, glauca; Azalea viscosa, 
nitida, glauca, nudiflora, etc.; Rhodendron maximum; Cornus 
florida, alba, canadensis, etc.; Hamamelis virginica; Spirea 
salicifolia, chameedrifolia, opulifolia, hypericifolia, etc.; Gillenia 
trifoliata, Crateegus sp. ; Cerasus pumila, nigra, etc.; Purshia tri- 
dentata, Rubus 20, Pyrus sp. ; Robinia Pseudacacia, hispida; Gym- 
nocladus canadensis; Rhus typhina, glabra, venenata, Toxicoden- 
dron, etc.; Ptelea trifoliata, Ceanothus americanus, etc.; Rham- 
nus alnifolius etc.; Ilex opaca etc.; Euonymus americanus, 
atropurpureus; Staphylea trifolia, Ampelopsis hederacea; Acer 
rubrum, dasycarpum, saccharinum, striatum; Negundo fraxini- 
folium ; Xanthoxylum fraxineum, tricarpum; Tilia glabra, pube- 
scens ; Liriodendron Tulipifera. 

In the northern parts (to 50°, 55° N.L.) there is no cultivation. 
More to the south, the same cultivated plants as in II. Maize 
culture is more frequent. 


V. Kinepom or MAGNOLIAs. 
(Southern North-American Kingdom.— Pursh’s Kingdom.) ~ 
North-America between 36°, 30° N. L. Mean Temperature, 
59° 40-426" 
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Character. — Some approximation to tropical vegetation. Can- 
neze (Canna, Thalia), Palmze (Chameerops ), Yucca, Cycadez (Zamia), 
Laurus, Ipomeea, Bignonia, Asclepias, Cacteze (Mammuillaria, 
Opuntia), Rhexia, Passiflora, Cassia, Sapindus. 

A few Labiate, Caryophyllee, Umbelliferze, Cruciferz, Cicho- 
racez, Geraniacez ; few sorts of Aster and Solidago. 

Trees with broad shining leaves and large flowers. 

Magnolia, Liriodendron, Illicium, Asimina, Dionza, Pavia, Amor- 
pha, Gleditschia, Baptisia, Petalostemum, Calycanthus, Ginothera, 
Claytonia, Rudbeckia, Liatris, Silphium, Kalmia, Houstonia, Frasera, 
Halesia, Dodecatheon. 

Predominating trees and shrubs: Magnolia grandiflora, glauca, 
etc.; [llicium floridanum and parviflorum, Liriodendron Tulipifera, 
Asimina sp. ; Pavia flava, macrostachya, etc.; Amorpha fruticosa, 
Gleditschia triacanthos etc.; Robinia viscosa; Cassia Tora, mari- 
landica etc.; Acacia glandulosa, Calycanthus floridus, etc. ; 
Kalmia hirsuta, cuneata ; Opuntia vulgaris, fragilis, missouriensis ; 
Halesia tetraptera, diptera; Laurus Catesbyana, carolinensis, 
Benzoin, Sassafras, etc. ; Juglans fraxinifolia ; Carya aquatica, my- 
risticeeformis ; Liquidambar styraciflua, Carpinus americana; Castanea 
americana, pumila; Platanus occidentalis, Quercus 25, Schubertia 
disticha ; Pinus Tzda, palustris ; Zamia integrifolia; Yucca gloriosa, 
aloifolia, etc. ; Chamzrops Hystrix, Palmetto, serrulata. 

Culture. — Nearly the same things as in III., with the exception 
of the olive; the culture of rice is more extended. In the southern 
parts some tropical plants, particularly Saccharum officinarum. 


VI. Kinacpom oF CAMELLIAS AND CELASTRINEZ. 
(Chino-Japanese Kingdom. — Kempfer’s Kingdom). 

Japan and Northern China 30°—40°. N.L. Mean Temperature, 
54°5° to 68°. 

Character. — Magnolia, Nandina, Eurya, Camellia, Thea, Celas-. 
trus, Ilex, Euonymus, Bumalda, Hovenia, Kerria, Spirzea, Gonocar- 
pus, Lagerstroemia, Aucuba, Bladhia, Doreena, Eleagnus, Polygonum, 
Pollia. 

Predominating trees and shrubs: Rhapis flabelliformis, Pinus 
sp.; Taxus nucifera, verticillata; Cupressus japonica, pendula; 
Juniperus virginiana; Thuja orientalis, dolabrata; Quercus glabra, 
glauca; Alnus japonica, Juglans nigra, Broussonetia papyrifera, 
Daphne odora; Laurus glauca, lucida, umbellata, pedunculata ; 
Olea fragrans, Diospyros Kaki, Mespilus japonica, Sophora japo- 
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' nica; Acer japonicum, septemlobatum, palmatum, etc.; Camellia 
japonica and Sasanqua. 

Cultivated plants: Oryza sativa, Triticum vulgare, Hordeum 
vulgare, Avena sativa, Sorghum vulgare, Eleusine coracana, 
Polygonum Fagopyrum, Cycas revoluta (Sago), Caladium escu- 
lentum, Cenvolvulus edulis. 

Pyrus Malus, communis, baccata, spectabilis ; Cydonia vulgaris, 
Prunus domestica, Cerasus vulgaris; Armeniaca vulgaris, Persica 
vulgaris, Mespilus japonica; Citrus japonica, decumana, Auran- 
tium, nobilis, marginata, etc.; Cucumis Melo, Thea chinensis ; 
Brassica Rapa, orientalis; Raphanus sativus; Cucumis sativus 
Conomon; Cucurbita Pepo, Citrullus ; Pimpinella Anisum, Ilicium 
anisatum, Soya hispida; Phaseolus vulgaris, radiatus; Pisum 
sativum, Faba vulgaris, Solanum ethiopicum, Sesamum orien- 
tale, Cannabis sativa, Broussonetia papyrifera, Gossypium her- 
baceum. 


VII. Kinepom or ScITAMINEZ. 
(Indian Kingdom — Roxburgh’s Kingdom.) 


Both the Indian peninsulas to a height of 4— 5000 feet in Cey- 
lon. Mean Temperature, 65°75° to 81:5°. 

Character. — Tropical orders appear or become more numerous. 
Palme, Cycadez, Scitaminez, Aroideze, Artocarpez, Urticee, 
Euphorbiacez, Laurineze, Convolvulacee, Bignoniacee, Apocynez, 
Rubiaceze, Leguminose, Terebinthacee, Meliaceze, Guttiferze, 
Sapindacez, Buttneriaceze, Malvacee. 

The following disappear or appearbut sparingly, as Caricez, 
Coniferz, Amentacez, Labiatz, Boraginee, Synantheree, Rosacez, 
Caryophyllez, Cistinez, Cruciferae, Ranunculacee. 

Uvaria, Grewia, Eriolena, Garcinia, Buchanania, Crotalaria, Fle- 
mingia, Butea, Carpopogon, Jambosa, Gratiola, Tectona, Holms- 
kioldia, Ficus, Phytocrene, Calamus. 

Trees do not lose their leaves. The number of tree-like shrubs 
is more considerable, than beyond the tropic. Large magnificent 
flowers. Many climbing and parasitical plants. 

Predominating tree-like plants: Dillenia ornata, scabrella; 
Uvaria sp., Michelia Campaca etc., Bombax insignis etc., Ster- 
culia sp., Astrapzea Wallichii, Elzeocarpus sp., Calophyllum sp., 
Garcinia sp., Sapindus sp., Swietenia febrifuga, Cissus sp., Aqui- 
laria mallaccensis, Semecarpus Anacardium, Melanorrheea usitata, 
Mimosa sp., Acacia sp., Amherstia nobilis, Pterocarpus santalinum, 
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Cassia fistula, Jambosa sp., Gardenia sp., Nauclea sp., Uncaria 
Gambir, Diospyros Ebenum etc., Urceola elastica, Bignonia 
sp., Avicennia tomentosa; Tectona grandis, Hamiltoniana ; Laurus 
Cassia, Cinnamomum, Malabatrum; Tetranthera sp., Myristica sp., 
Hernandia sonora; Ficus religiosa, indica, elastica, benjamina, and 
many others; Cycas revoluta, Borassus flabelliformis, Cocos nucifera, 
Elate sylvestris, Metroxylon Sagus ; Calamus Rotang, rudentum, 
Draco, etc.; Areca Catechu, Taliera bengalensis, Dracaena Draco, 
Pandanus odoratissimus, Flagellaria indica, Bambusa arundinacea. 

Cultivated plants: Oryza sativa, Panicum frumentaceum, 
Eleusine coracana; Sorghum sp.; Cycas circinalis; Dioscorea 
alata, Arachis hypogea, Cocos nucifera, Tamarindus indica, 
Mangifera indica, Garcinia Mangostana; Musa paradisiaca, sa- 
pientum; Jambosa vulgaris, malaccensis; Psidium pomiferum ; 
Citrus Aurantium, decumana, etc.; Cucurbita Citrullus, Saccha- 
rum officinarum, Coffea arabica, Caryophyllus aromaticus; Piper 
longum, nigrum, Betle, Cubeba; Zingiber officinale; Alpinia Car- 
damomum, Curcuma longa., Soja hispida, Phaseolus, sp., Doli- 
chos sp., Gossypium herbaceum ; Indigofera tinctoria, Anil. 


VIII. Himarayan Kinopom. 
( Wallich’s Kingdom.) 


The highlands of India, or the mountain terraces, lying on the 
south of the Himalayan range, Kamoon, Nepal, Boutan, 4,000 — 
10,000 feet. Mean Temperature, 36°5° to 65°75°. 

Character.— Tropical forms disappear or decrease. Palme, Cy- 
cadez, Scitamineze, Euphorbiacez, Solaneze, Convolvulacez, Apo- 
cynez, Terebinthaceze, Leguminose, Malvaceze, Annonacee. 

Extra-tropical, particularly European, forms appear, or become 
more frequent than in VII., as Caricez, Amentacez, Coniferze, 
Polygonez (Rumex, Polygonum, Rheum), Primulacez (Primula, 
Lysimachia), Labiate, Ericeze, (Rhododendron, Andromeda), 
Cichoraceze, Umbelliferze, Rosacez (Potentilla, Rubus, Rosa, 
Mespilus, Pyrus, Prunus), Acerineze, Caryophylleze (Stellaria, 
Cerastium, Arenaria), Crucifere, Ranunculacee (Aconitum, 
Ranunculus, Thalictrum). 

Orchidez and Filices, very numerous. To the characteristic 
forms also belong Allium, Paris, Plantago, Veronica, Rhinanthus, 
Pedicularis, Didymocarpez, Gentiana, Swertia, Campanula, Vale- 
riana, Galium, Cornus, Viburnum. 

The most important trees and shrubs: Pinus excelsa; Abies 
Smithiana, Brunoniana ; Cupressus torulosa, Podocarpus latifolia ; 
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Juniperus squamata, recurva; Quercus spicata etc., Corylus 
ferox; Betula utilis, nitida, alnoides; Alnus nepalensis; Salix 
disperma, cuspidata, japonica; Daphne cannabina, Gardneri, se- 
ricea, Bholua ; Eleagnus arborea, conferta, umbellata ; Hippophae 
salicifolia, Fraxinus floribunda; Ligustrum nepalense, bracteo- 
latum ; Xylosteum ligustrinum; Caprifolium japonicum, macran- 
thum; Cornus oblonga, ecapitata; Viburnum fetidum etc.; 
Andromeda formosa, ovalifolia, etc.; Rhododendrum arboreum 
etc., Hedera Helix etc.; Ilex dipyrena, odorata, etc.; Ribes 
Takare, Rosa macrophylla etc.; Rubus rugosus, betulinus, 
etc.; Spiraea canescens etc.; Neillia thyrsiflora, rubiflora; Pyrus 
Pashia ; Mespilus affinis, cuila, etc.; Prunus undulata, cerasoides ; 
Rhus juglandifolium, fraxinifolium, etc.; Rhamnus sp., Celastrus 
sp., Euonymus sp.; Acer acuminatum, oblongum; Dobinza vul- 
garis; Berberis asiatica, Wallichiana, miccia. 

Cultivated plants: the corn and fruit of Europe; in the lower 
parts some tropical kinds, as mountain rice. 

1. The highest regions of the Himalaya form perhaps a king- 
dom by itself, or but a province of the Arctic Alpine kingdom ; 
Alpine forms are prevalent. 

2. The remaining high mountains and elevated plains of Central 
Asia are in regard to their vegetation unknown to us. 

3. Cochin China and the south of China are not sufficiently ex- 
amined. The forms of this district shew the passage of the 
Japanese Flora to the Indian. These countries form either pro- 
vinces of the two latter kingdoms, or make one by themselves. 


IX. PoLyNEsIAN KINGDomM. 
( Reinwardt’'s Kingdom.) 

The islands between Hindostan and New Holland toa height of 
5000 feet above the level of the sea. Mean Temperature, +-65°75° 
to 83°75". 

Character. — Similar to the Indian kingdom. The principal dis- 
tinction consists in a greater number of Orchidez (particularly 
epiphytal, which appear under many peculiar forms), Filices, and 
many sorts of figs. A slight approximation to the New Holland 
forms in Melaleuca, Metrosideros, Proteacez (Heliophyllum). 
Further characteristic forms are: Licuala, Lodoicea, Rafllesia, 
Brugmansia, Stemanurus, Antiaris, Myristica, Nomaphila, Hydro- 
phytum, Philagonia, Esenbeckia, Echinocarpus, Aromadendrom. 

Predominating trees and shrubs: Primitive woods particularly 
of Ficus, Laurinee, Calamez, Bignoniacez, Licuala speciosa, 
Lodoicea Sechellarum, Broussonetia papyrifera, Artocarpus incisa, 
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Antiaris toxicaria (Bohn Upas), Myristica sp., Ardisia sp., Tecto- 
na grandis, Strychnos Tieute, Diospyros sp. ; Barringtonia speciosa, 
excelsa; Philagonia procera, Cissus sp., Calophyllum Inophyllum, 
Elezocarpus sp., Esenbeckia altissima, Echinocarpus Sigun. 
Cultivated plants: The same as in the Indian kingdom, along 
with Artocarpus incisa, Janipha Manihot, Inocarpus edulis, Myris- 
tica moschata, Laurus Camphora, Carica Papaya; Gossypium ar- 
boreum, vitifolium ; Broussonetia papyrifera, Cannabis sativa. 


X. HigHLAND JAVANESE KINGDOM. 
(Blume’s Kingdom.) 


The higher regions (above 5000 feet) of Java, pobably also 
of the neighbouring islands. Mean Temperature,....... 

Character.— This kingdom is very much like the Himalayan, and 
probably forms with it but one. Extra-tropical forms are in lieu of 
tropical. Oak-woods in lieu of fig-woods. Plantago, Lysimachia, 
Veronica, Gentiana, Swertia, Vaccinium, Gaultheria, Vireya, Thi- 
baudia, Bellis, Galium, Saprosma. 

Characteristic trees: Podocarpus amara, imbricata, latifolia, 
bracteata; Agathis loranthifolia, Quercus sp. 16, Myrica javanica; 
Castanea javanica, argentea, etc.; Lithocarpus javensis; Engel- 
hardtia spicata, rigida; Viburnum sp., Sambucus javanica, Hemo- 
spermum arboreum, Mespilus sp. 


XI. Oceanic Kinepom. 
(Chamisso’s Kingdom.) 

All the islands of the South Sea within the tropic. Mean 
Temperature, '72:5° to 81°5°. 

Character. — A poor flora, with few peculiarities. More approxi- 
mation to the flora of Asia than to that of Africa; some relation 
with that of New Holland. (Casuarina, Proteaceee, Myoporum, Epa- 
cridee, Melaleuca, Acaciz aphylle.) Schiedea, Antholoma, 
Aporetica, Crossostylis, Codia, Timonius, Kadua, Cyathostegia, 
Argophyllum, Melodinus, Ascarina. 

Predominating trees and shrubs: Dracena terminalis, Tacca 
pinnatifida, Pandanus odoratissimus, Cocos nucifera, Corypha um- 
braculifera, Cupressus columnaris; Casuarina equisetifolia, nodiflora; 
Ficus sp., Artocarpus incisa, Aleurites triloba, Embothrium strom- 
bilinum, Sczevola Keenigii, Vaccinium cereum, Lobelia arborea 
etc.; Coffea Kaduana, Mariniana; Kadua Cookiana etc.; Rhizo- 
phora Mangle, gymnorhiza; Terminalia Catappa, Barringtonia 
speciosa, Melaleuca virgata etc., Osteomeles anthyllidifolia, 
Cassia Sophora, Mimosa Mangium, Adenanthera scandens, Black- 
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burnia pinnata, Calophyllum Inophyllum, Clusia sessilis and pedi- 
cellata, Sapindus Saponaria; Dodonzea spathulata, viscosa; Aporetica 
pinnata, ternata ; Grewia Mallococca ; Sterculia Balanghas, feetida; 
Commersonia echinata, Tetracera euryandra. 

Cultivated plants: Artocarpus incisa, Caladium esculentum (Taro), 
sagittifolium ; Arum macrorhizon, Tacca pinnatifida, Convolvulus 
chrysorhizus, Dioscorea alata, Cocos nucifera, Musa pardadisiaca, 
Inocarpus edulis, Sterculia Balanghas ; Ficus aspera, Granatum ; 
Citrus decumana, Spondias dulcis, Mimusops dissecta, Terminalia 
glabra, Cratzva religiosa, Eugenia malaccensis. Draczena termi- 
nalis, Piper methysticum, Areca oleracea, Broussonetia papyrifera. 


XII. Barsam-TreEE Kincpom. 
(Arabian kingdom. — Forskal’s Kingdom.) 

The south-westerly mountainous part of the Arabian peninsula. 
Mean Temperature,....... 

Character. — Tropical, generally Indian forms. 

Characteristic genera: Stroemia, Marua, Senna, Oncoba, Cau- 
canthus, Geruma, Balsamodendron, Cadia, Orygia, Simbuleta. Some 
approximation to the South African flora (Stapelia, Hemanthus). 

Predominating trees and shrubs: Pandanus odoratissimus ; Ficus 
Sycomorus, salicifolia, populifolia, Forskalii, palmata, serrata, Sur, 
Toka; Avicennia tomentosa, Cynanchum arboreum, Coffea arabica ; 
Balsamodendron gileadense, opobalsamum, Kataf, Kafal; Cela- 
strus edulis, parviflora; Sterculia platanifolia, Grewia populifolia ; 
Meerua uniflora, racemosa. 

Cultivated plants: Sorghum sp., Hordeum hexastichon, Zea 
Mais, Arum Colocasia, Phoenix dactylifera, Musa paradisiaca, Cocos 
nucifera, Tamarindus indica, Ficus Carica, Carica Papaya, Persica 
vulgaris, Armeniaca vulgaris, Prunus domestica, Pyrus Malus, Cy- 
donia vulgaris, Vitis vinifera, Coffea arabica, Saccharum officinarum, 
Zingiber officinale, Raphanus sativus, Spinacia oleracea, Cucurbita 
Pepo, Dolichos sp., Gossypium arboreum, Indigofera tinctoria. 

Note. The Persian flora is not sufficiently known. 


XIII. THe Desert KincDom. 
(Delile’s Kingdom.) 

North Africa, south of Atlas, and the Mediterranean Sea,between 
the 15°—30° N. lat.; the northern part of Arabia. Mean Tem- 
perature, 7°25° to 86°. 

Character.— A very poor flora. There are no characteristic 
orders or genera, but the following: Pennisetum dichotomum, 
Pheenix dactylifera, Cucifera thebaica, Euphorbia mauritanica, 
fErua tomentosa; Acacia nilotica, arabica, gummifera, Senegal, 
Cassia obovata, Singueana ; Alhagi Maurorum, Mimosa Habbas, 
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Zizyphus Palma Christi, Zygophyllum simplex, album; Fagonia 
arabica, Oudneji. 

Culture only in the oases: principally Phcenix dactylifera, 
Sorghum vulgare, Triticum vulgare, Hordeum vulgare; several 
sorts of fruit proper to the South of Europe and India. 


XIV. Troricat Arrican KinGpom. 
(Adanson’s Kingdom.) 


Africa from the 15° N. L. to the tropic of capricorn, but with 
the exception of Abyssinia and the central highlands (the interior 
of Africa and the east-coast are very incompletely known). Mean 
Temperature, 72:5° to 86°. 

Character. —'This flora is neither rich in sorts nor in peculiar 
forms. Leguminose, Rubiaceze, Cyperaceze, are prevalent; few 
Palme, Filices, Scitaminez, Piperaceze, Passiflorez. 

Characteristic genera: Adansonia, Melhania, Christiania, Pent- 
adesma, Napoleona, Parkia, Hoflandia, Thonningia. 

Predominating trees and shrubs: Annona senegalensis etc., 
Cadaba farinosa, Crateeva Adansonii, Capparis edulis, Pentadesma 
butyracea ; Bombax pentandrum, guineense ; Adansonia digitata, 
Sterculia acuminata, Grewia carpinifolia, Acacia sp., Cassia occi- 
dentalis, Pterocarpus esculentus, Parkia africana, Chrysobalanus 
Icaco, Conocarpus pubescens, Rhizophora sp., Psychotria sp., Big- 
nonia Tulipifera, Avicennia africana, Euphorbia frutescent species, 
Ficus sp., Elais guineensis, Rpahia vinifera, Phoenix spinosa, Pan- 
danus candelabrum. 

Cultivated plants: Zea Mais, Oryza sativa; Sorghum vulgare, 
saccharatum ; Panicum sp. (Gussub.); Dioscorea alata, sativa ; 
Iatropha Manihot, Caladium esculentum. 

Musa sapientum, Mangifera indica, Carica Papaya, Bromelia 
Ananas, Elais guineensis, Anacardium occidentale, Ficus sp., Tama- 
rindus indica, Citrus sp., Coffea arabica; Saccharum officinarum, 
punctatum ; Zingiber officinale; Amomum Cardamomum, Granum 
Paradisi. 

Phaseolus vulgaris etc., Dolichos oleraceus, Arachis hypogea, 
Solanum edule etc. 

Gossypium sp., Nicotiana sp. 

Note. The flora of Abyssinia is unknown. 


XV. KINGDOM oF THE CACTUS AND PIPERACEZ. 
(Jacquin's Kingdom.) 

Mexico and South America to the Amazon river, and to a height 
of 5000 feet above the level of the sea O—30° N.L. Mean Tem- 
perature, 68° to 83°75°. 
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Characteristic orders: Bromeliaceze, Piperacez, Passiflorez, 
Cactez. Numerous tropical orders: Euphorbiacez, Convolvulacee, 
Apocyneez, Rubiacez. ‘Tropical orders which are here less fre- 
quent than in other countries within the tropics: Filices, Scitaminez, 
Orchidez, Myrtacez, Leguminose, Terebinthacesze, Aurantiacee, 
Tiliaceze, Malvaceze. Extra-tropical orders appear or become more 
numerous: Labiatz, Ericineea, Campanulacee, Composite, Um- 
belliferze, Crassulaceze, Rosacee, Caryophyllez, Cruciferee, Ranun- 
culacez. 

Characteristic genera: Phytelephas, Kunthia, Galactodendrum, 
Podopterus, Salpianthus, Russellia, Lagascea, Gronovia, Inga, 
Thouinia, Lacepedia, Theobroma, Guazuma, 

Predominating tree-like plants: Cyathea speciosa, villosa; Menis- 
cium arborescens, Agave americana, Yucca acaulis; Cocos nuci- 
fera, butyracea; Mauritia flexuosa, Martinezia caryotifolia, Oreo- 
doxa montana, Kunthia montana, Chamezrops Mocini; Corypha 
Miraguana, Pumos, tectorum, etc.; Liquidambar styraciflua, 
Cecropia peltata, Galactodendron utile, Rhopala obovata, Avicen- 
nia tomentosa, Ehretia ternifolia, Cordia dentata, Cereus sp., Melo- 
cactus sp., Opuntia sp., Pereskiaand Mammillaria sp., Lecythis ellip- 
tica etc., Bertholletia excelsa, Melastomz arborescentes; Bau- 
hinia splendens, suaveolens, etc. ; Hzematoxylum campechianum, 
Ceesalpinia cassioides etc.; Acacia cornigera, foetida, etc.; Hyme- 
nea Courbaril etc.; Inga insignis, Humboldtiana, etc.; Mimosa 
sp., Swietenia Mahagoni, Bonplandia trifoliata. 

Cultivated plants: Zea Mais, Sorghum vulgare, Ianipha Manihot, 
Dioscorea alata, Convolvulus Batatas. 

Musa paradisiaca, Mangifera indica; Annona muricata, squa- 
mosa; Psidium pomiferum and pyriferum, Cocos nucifera, Carica 
Papaya, Persea gratissima, Bromelia Ananas, Anacardium occiden- 
tale, Tamarindus indica, Citrus sp., Passiflora quadrangularis, Vitis 
vinifera, Opuntia vulgaris, Iambosa vulgaris, Theobroma Cacao, 
Vanilla aromatica, Coffea arabica; Saccharum officinarum, vio- 
laceum ; Lycopersicum Humboldtii, Capsicum frutescens, annuum; 
Cajanus flavus, Arachis hypogza, Opuntia coccinellifera, Nicotiana 
sp., Gossypium barbadense etc. 


XVI. Kinepom or THE Mexican HIGHLANDS. 
(Bonpland’s Kingdom.) 
Mexico, elevated more than 5000 feet. Mean Temperature, 
65°75° to 79°25°. 
Character. — Tropical forms disappear or decrease: Filices 
arboree, Palme, Piperaceee, Euphorbiacezee, Melastomacee, Passi- 
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floree. Extra-tropical forms appear or become more numerous. 
Amentacez (Salix, Quercus), Conifer (Pinus,Cupressus ), Labiatee 
(Salvia, Stachys, Marrubium), Pedicularis, Anchusa, Myosotis, 
Polemonium, Ericez (Vaccinium, Arbutus, Arctostaphylos), Synan- 
thereze (increasing very much), Valeriana, Galium, Cornus, Capri- 
folium, Umbelliferze, Rosaceze (Amygdalus, Mespilus, Rosa, Poten- 
tilla), Caryophyllez (Arenaria), Crucifere (Draba), Ranunculacez 
(Anemone, Ranunculus). 

Characteristic genera: Mirabilis, Maurandya, Leucophyllum, 
Hoitzia, Georgina, Zinnia, Sckhuria, Ximenesia, Lopezia, Vauque- 
linia, Choisya, Cheirostemon. 

Predominating trees and shrubs: Pinus occidentalis, Abies hir- 
tella; Cupressus thurifera, sabinoides ; Taxodium distichum, Quer- 
cus sp. 16; Salix Bonplandiana, paradoxa, etc.; Arbutus mollis, 
petiolaris, etc.; Arctostaphylos polifolia, pungens, etc.; Vacci- 
nium geminiflorum, stamineum, confertum; Rosa Montezume, 
Mespilus pubescens, Amygdalus microphylla, Cheirostemon plata- 
noides. 

Cultivated plants: Maize, the European cerealia and fruits. 

Note. In the highest mountain-regions the flora has an alpine 
aspect: here appear Cyperus toluccensis, Chelone gentianoides, 
Cnicus nivalis, Ageratum arbutifolium, Senecio procumbens etc., 
Potentilla ranunculoides; Lupinus elegans, montanus; Arenaria 
bryoides. 


XVII. KincpoM oF THE CINCHONA. 
( Humboldt’s Kingdom.) 


The Andes, between 20° S. L. and 5° N. L. from 5000 to 9000 
feet in elevation. Mean Temperature, 59° to 68°. 

Character. — Extra-tropical forms appear or become more fre- 
quent: Gramineze, Amentacee (Quercus, Salix), Labiatee (Salvia, 
Stachys, Scutellaria), Anchusa, Myosotis, Swertia, Ericez, Synan- 
thereze (very numerous), Caprifoliaceee (Viburnum, Sambucus), 
Umbelliferze (Ferula, Ligusticum), Rosacez, Cruciferee, Ranuncu- 
lacee. On the contrary, some tropical forms disappear, or become 
scarce ; but yet several sorts of Palme, Piperacex, Cactez, Passi- 
floree, Melastomacez go to a considerable height. 

Characteristic genera: Lilea, Cervantesia, Oreocallis, Lachnos- 
toma, Gaylussaccia, Stevia, Flaveria, Tagetes, Espeletia, Cinchona, 
Guilleminia, Loasa, Kageneckia, Negritia, Amicia, Perrottetia, Du- 
longia, Laplacea, Freziera, Abatia, Monnina. 

Predominating tree-like plants: Oreodoxa frigida, Cereoxylon 
andicola, Podocarpus taxifolia, Salix Humboldtiana ; Quercus 
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Humboldtiana, almaguerensis, tomilensis; Ficus velutina, Rho- 
pala cordifolia, Oreocallis grandiflora; Persea laevigata, Mutisii, 
sericea; Ocotea mollis, sericea; Vaccinium caracasanum, Andro- 
meda bracamorensis; Befaria glauca, ledifolia ; Cinchona Con- 
daminea, cordifolia, oblongifolia, etc. ; Weinmannia elliptica, Bal- 
bisiana, etc.; Osteomeles glabrata, Rubus floribundus ; Ilex bume- 
lioides, myricoides ; Clusia elliptica. 

Cultivated plants: The tropical cultivated plants mentioned 
under XV. disappear nearly totally. But yet in this kingdom maize 
and coffee are grown: they are joined with the European cerealia 
and fruits, potatoes, and Chenopodium Quinoa. 


XVIII. Kixncpom or EscaLroniAs AND CALCEOLARIAS. 
(Ruiz and Pavon’s Kingdom.) 

The Andes, between 20° S. L. and 5° N. L., and more than 9000 
feet above the level of the sea. Paramo and Paxonal. Mean 
Temperature, 34°25° to 59°. 

Character. — Tropical forms almost entirely disappear; but 
still the following genera are found: Tillandsia, Oncidium, 
Peperomia, Rhexia, and Passiflora. On the contrary, the forms 
which characterise the colder and polar zone become frequent: 
Lichenose, Musci, Carex, Luzula, Alnus, Rumex, Plantago, Gen- 
tiana, Swertia, Vaccinium, Campanula, Cacalia, Senecio, Umbelli- 
ferze, Valeriana, Saxifraga, Ribes, Rubus, Alchemilla, Caryophyllez 
(Sagina, Arenaria, Cerastium, Stellaria), Cruciferae (Draba, Arabis). 
Prevalent orders: Synantheree, Graminez, Ericez. 

No large trees. Characteristic genera: Deyeuxia, Tigridia, 
Gardoquia, Calceolaria, Thibaudia, Lysipoma, Barnadesia, Haman- 
thus, Chuquiraga, Culcitium, Wernera, Dumerilia, Escallonia, Pec- 
tophytum, Klaprothia, Polylepis. 

Predominating shrubs: Alnus ferruginea, acuminata; Vacci- 
nium acuminatum, empetrifolium, floribundum, etc.; Thibaudia 
rupestris, floribunda, longifolia, strobilifera ; Befaria grandiflora, and 
coarctata ; Ribes frigidum ; Escallonia myrtilloides, tortuosa, Tubar, 
berberidifolia ; Ilex scopulorum, Drymis granatensis. 


t 


XIX. West-Inpian Kinopom. ~ 
( Swartz’s Kingdom.) 
The West-Indian Islands. Mean Temperature, 59° to 79:25°. 
Character.— The flora of this group of islands approaches that 
of the Continent, but is chiefly distinguished (as the flora of 
Polynesia is from the Indian) by the great quantity of Filices and 
Orchidexe. Besides these orders, the following genera belong to 
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the characteristic forms: Thrinax, Epistylium, Alchornea, Tanaeé- 
cium, Tetranthus, Catesbaea, Belonia, Portlandia, Picramnia, Leg- 
notis, Lithophila, Valentinia, Hypelate. 

Among the predominating woody plants, merit to be mentioned, 
Cocos nucifera, Pinus occidentalis, Laurus sp., Melastoma sp., 
Myrtus sp. Uvaria sp. 

The cultivated plants are the same as in XV. 


XX. Kincpom or PatmMs AND MELASTOM2. 
(Martius’s Kingdom.) 

Brazil, or South America on the east of the Andes, between the 
equator and the tropic of Capricorn. Mean Temperature, 59° to 
83°7°. 

Character. — It is probably this part of the surface of the earth 
in which the vegetable kmgdom shows itself in the greatest abund- 
anceandvariety. Especially remarkable for richness in genera and 
species, size of individuals, impenetrable woods, numerous climbing 
and parasitical plants. As characteristic though not peculiar or- 
ders, may be mentioned Palma, Hamodoracez, Gesneriez, Melas- 
tomacee, Sapindacee ; the order Vochyacee is peculiar. Of peculiar 
genera there are too many to enumerate; among the most remark- 
able are: Vellosia, Barbacenia, Manihot, Franciscea, Ditassa, 
Lychnophora, Diplusodon, Kielmeyera, Sauvagesia, Lavradia. 

Characteristic genera and species, according to their different 
localities: In the primitive woods, Palmarum genera varia: Thoa, 
Ficus, Cecropia, Anda, Rhopala, Myristica, Bignonia, Theophrasta, 
Stiftia, Oxyanthus, Coutarea, Psychotria, Bertiera, Feuillea, Carica, 
Myrtus, Gustavia, Lecythis, Bertholletia, Melastoma, Hymenza, 
Dimorpha, Trattininkia, Pilocarpus, Trichilia, Cedrela, Cupania, 
Banisteria, Hippocratea, Caryocar, Marcgravia, Clusia, Calophy]- 
lum, Sloanea, Gothea, Lebretonia, Abroma, Carolinea, Bixa, 
Uvaria. 

In the Catingas (deciduous woods): Iatropha sp., Acacia sp., 
Mimosa sp., Czsalpinia pubescens etc., Spondias tuberosa, Thry- 
allis brasiliensis, Chorisia ventricosa, Bombax sp., Eriodendron 
sp., Pourretia ventricosa, Capparis lineata etc., Anona obtusi- 
folia etc. 

In the open bushy plains (campos), Paniceze, Amaryllis, Alstree- 
meria, Vellosia, Barbacenia, Burmannia, Stelis, Cnemidostachys, 
Rhopala, Laurus, Ocotea, Gomphrena, Lantana, Echites, Hancor- 
nia speciosa, Gesneria, Lychnophora, Baccharis, Vernonia, Mikania, 
Stevia, Melastoma, Rhexia, Terminalia fagifolia, Gaudichaudia, 
Sauvagesia, Lavradia, Plectranthera. 

Lu 4 
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On the sea-coast : Cocos schizophylla, Diplothemium maritimum, 
Eriocaulon sp., Xyrissp., Avicennia tomentosa, Rhizophora Mangle, 
Conocarpus erectus, Laguncularia racemosa, Bucida Buceras. 

The cultivated plants are nearly the same as in XV. Thea chinensis. 


XXI. Ktyepom or Woopy Composit. 
(St. Hilaire’s Kingdom.) 

South America on the east of the Andes from the tropic of 
Capricorn to 40° S. L. Mean Temperature, 59° to 74°75°. 

Character.—T ropical forms decrease or disappear, extra-tropical, 
particularly European, take their places: Ranunculacee, Crucifere, 
Helianthemum, Caryophyllee, Lathyrus, Galium, Teucrium, Plan- 
tago, Carex; some South African: Polygala, Oxalis, Gnaphalium. 
More than half of the genera are common to this kingdom and 
Europe. Many Composite, among them many woody ones. 
Larrea, Hostia, Diposis, Boopis, Acicarpha, Cortesia, Petunia, 
Taborosa, Tricycla, Caperonia, Bipinnula. 

Generally naked plains (pampas), where grasses and thistles are 
predominating. 

Cultivated plants: the most European are wheat and vine. 
The peach tree is very much dispersed. 

Note. The Chilian flora is not sufficiently known, and the indi- 
cations of heights are wanting. Probably several kingdoms are 
to be distinguished here. Perhaps the highest regions belong to 
Kingdom XVIII. 


XXII. AnTARcTic KineGpom, 
( Urville’s Kingdom.) 

The south-westerly part of Patagonia; Tierra del Fuego, and 
the Falkland Islands, between 50° and 55°S. L. Mean Temperature, 
41° to 47°75°. 

Character. — Great resemblance with the North European flora 
(Kingdom II.). Tropical forms entirely disappear. Prevalent 
orders: Synantheree, Graminez, Caricee, Musci, Lichenose. 
Frequent also are: Ranunculacee, Cruciferae, Caryophylleze, Rosa- 
cee, Umbelliferee: two-thirds of the genera are found in Europe. 
A slight approximation to South Africa: Gladiolus, Witsenia, Ga- 
Jaxia, “Crassula; and to New Holland: Embothrium, Ourisia, 
Stylideze, Mniarum. Characteristic genera: Gaimardia, <Astelia, 
Callixene, Philesia, Drapetes, Boea, Calceolaria, Pernettia, Oligos- 
porus, Nassavia, Bolax, Azorella, Donatia, Aceena, Hamadryas. 

Predominating tree-like plants: Fagus antarctica, Salix magel- 
lanica, Embothrium coccineum ; Pernettia empetrifolia, mucronata; 
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Andromeda Myrsinites, Baccharis tridentata, Chiliotrichum amel- 
loides, Ribes magellanicum, Escallonia serrata, Fuchsia coccinea, 
Myrtus nummularia ; Berberis ilicifolia, inermis, microphylla, empe- 
trifolia; Drymis Winteri. 

No culture. 


XXIII. Kincpom or STAPELIAS AND MESEMBRYANTHEMUMS. 
( Thunberg’s Kingdom.) 


South Africa, from the tropic to 35° S. L. Mean Temperature, 
545° to'72°5*. 

Character.—The flora is very rich in forms, but by no means lux- 
uriant ; there are no large thick woods, nor any climbers ; but many 
succulent plants. Characteristic orders: Restiacez, Iridez, Prote- 
acez, Ericacee, Ficoidez, Bruniacez, Diosmez, Geraniez, Oxalidez, 
Polygalez. Genera: Restio, Ixia, Gladiolus, Morea, Watsonia, 
Hzmanthus, Strumaria, Agapanthus, Eucomis, Massonia, Strelitzia, 
Aphyteia, Passerina, Gnidia, Protea, Leucadendron, Leucosper- 
mum, Serruria, et Proteacearum pl. genera, Stilbe, Selago, Sta- 
pelia, Erica, Gnaphalium, Elichrysum, Stobeea, Pteronia, Osteo- 
spermum, Tarchonanthus, Relhania, Gorteria, Arctotis, Othonna, 
Stcebe, Cidera, Anthospermum, Mesembryanthemum, Vabhlia, 
Liparia, Borbonia, Lebeckia, Raffnia, Aspalathus, Staavia, Brunia, 
Phylica, Diosma, Pelargonium, Oxalis, Sparmannia, Muraltia, Poly- 
gala, Penza. 

Prevailing forms. On the sandy coasts: Stapelia, Irideee, Mesem- 
bryanthemum, Restio, Diosma. On the mountains: Proteacee, 
Erica, Crassula. In the dry high-plains (karro): Acacia capensis, 
Giraffa, detinens, viridiramis; Euphorbia mauritanica, tenax; Poa 
spinosa, Mesembryanthemum sp., Aloe, Irideze, but not any Pro- 
teaceze, Erica, Diosmez, Restio. 

Some other remarkable species: Haemanthus coccineus, Ama- 
ryllis toxicaria, Testudinaria montana and Elephantopus, Podo- 
carpus elongatus, Salix Gariepina; Protea mellifera, grandiflora ; 
Leucadendron argenteum, Laurus bullata, Lycium tetrandrum, 
Olea similis, Rhigozum trichotomum, Tarchonanthus camphoratus, 
Stoebe Rhinocerotis, Crassula coccinea, Portulacaria afra; Mesem- 
bryanthemum edule, turbiniforme ; Metrosideros angustifolia, Aca- 
cia elephantina, Zizyphus bubalina, Calodendron capense. 

Cultivated plants: the European cerealia, fruits, and veget- 
ables; also, Sorghum caffrorum, Convolvulus Batatas, Musa para- 
disiaca, Tamarindus indica, Psidium pomiferum, Citrus decu- 
mana. 
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XXIV. Kincpom or Eucatypti aND EPACRIDEZX. 
(R. Brown's Kingdom.) 

Extra-tropical New Holland, and Van Diemen’s Land. Mean 
Temperature, + 52:25° to + 72°5°. 

Character.—One of the richest and most peculiar floras ; although 
without any considerable abundance of vegetation. The charac- 
teristic orders and genera are: Xerotes, Xanthorrhcea, Pterostylis, 
Casuarinee, Leptomeria, Pimelea, Proteacez (Banksia, Hakea, 
Persoonia, Grevillea, Petrophila, Isopogon, Dryandra), Myopo- 
rinew, Westringia, Logania, Mitrasacme, Epacridez (Epacris, 
Leucopogon, Styphelia), Stackhousee Scavolee, Goodenoviee, 
Stylidea, Eucalyptus, Melaleuca, Leptospermum, Acaciz aphyl- 
le, Platylobium, Bossiza, Diosmez (Boronia, Zieria), Pittos- 
pore, Tremandrez, Pleurandra, Hibbertia. 

Predominating trees and shrubs: Three fourths of the woods are 
formed of species of Eucalyptus, whose number exceeds a hundred. 
Next to them, the Proteacez, Epacridez, Diosmez, Casuarinee, 
Acaciz aphylle, form woods and bushes. Of Conifere, Arau- 
caria excelsa, Podocarpus spinulosus, are found. 

Cultivated plants: The European cerealia and fruits. 

Note. Tropical New Holland is not sufficiently examined ; its 
flora is less peculiar, and perhaps but a province of the Polynesian 
kingdom (IX.). 


XXV. New ZEALAND KinGcpom. 
( Forster's Kingdom.) 

The two New Zealand islands. Mean Temperature, temperate. 

Character—Tropical forms disappear, or appear very sparingly. 
One half of the genera are European. Approximation to New 
Holland ; Pimelea, Myoporum, Epacris, Styphelia, Cassinia, Mela- 
leuca: to South Africa; Restio, Gnaphalium, Xeranthemum, 
Tetragonia, Mesembryanthemum, Oxalis: to the Arctic kingdom ; 
Mniarum, Fuchsia, Aceena, Drymis, a great many Filices; Phor- 
mium, Pennantia, Knightia, Forstera, Shavia, Griselina, Melicope, 
Dicera, Plagianthus, Melictus. 

Characteristic species: Cyathea medullaris, Gleichenia furcata, 
Dracena indivisa, australis; Phormium tenax, Areca sapida, 
Knightia excelsa, Avicennia resinifera, Andromeda rupestris, 
Epacris juniperina etc., Weinmannia racemosa, Tetragonia ex- 
pansa, Fuchsia excorticata, Melaleuca sp. ; Dicera dentata, serrata. 

Cultivated plants: Caladium esculentum, Convolvulus chryso- 
rhizus, Phormium tenax, Broussonetia papyrifera. 


BOOK V. GEOGRAPHY. 523 


This is obviously an imperfect sketch, and has many faults ; 
but it is upon whole the best general view that has yet been 
taken of the subject, and has the advantage of showing the 
student in what way to turn his attention to the enquiry. 

In concluding this important and very interesting subject, 
I must refer the reader who is desirous of further information 
to the writings of Brown in the appendix to Captain Flin- 
ders’s Voyage, and 'Tuckey’s Expedition to the Congo ; to De 
Candolle’s Essay upon the Geography of Plants, published in 
the 18th volume of the Dictionnaire des Sciences Naturelles ; 
to the numerous writings of Humboldt; to the observations 
upon the subject by Schouw, as translated in Brewster’s 
Edinburgh Journal, and to Royle’s most instructive work 
on the Flora of the North of India and Cashmere. 
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BOOK Vi. 


MORPHOLOGY; OR, OF THE METAMORPHOSIS OF 
ORGANS. 


Tuat part of botany which treats of the gradual transmu- 
tation of leaves into the various organs of a plant, which shows 
that bracts are leaves affected by the vicinity of the fructifi- 
cation, that the calyx and corolla are formed by the adhesion 
and verticillation of leaves, that the filament is a form -of 
petiole, and the anther of blade; and, finally, that the ovary 
itself is a convolute leaf, with its midrib lengthened into a 
style, and the extremity of its vascular system denuded under 
the form of stigma, is called morphology. This doctrine has 
already been treated of in this work, in connection with the 
different organs of which mention has been made; but it is so 
curious and important as to deserve especial mention. 

By Miguel its origin has been ascribed to Aristotle and 
Theophrastus ; but on no sufficient grounds, unless we suppose 
it to be a mere modification of the Aristotelian theory, that 
nature always advances from imperfect forms to those of a 
more perfect nature. 

The first distinct idea of the subject appeared in the second 
volume of the tenth edition of the Systema Nature, pub- 
lished in 1759, in which Linnzeus thus expresses himself: — 
‘¢ Leaves are the creation of the present year, bracts of the 
second, calyx of the third, petals of the fourth, stamens of the 
fifth, and the stamens are succeeded by the pistil. This is 
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apparent from Ornithogalums, luxuriant plants, proliferous 
plants, double flowers, and Cardui.” 

In December, 1760, these novel propositions were sustained 
by Linneus in a thesis prepared in the name of his pupil Ull- 
mark, called the Prolepsis Plantarum. ‘The substance of this 
paper I shall endeavour to condense, in order that it may 
appear how far the discoveries or hypotheses of some modern 
writers are entitled to novelty; leaving out, however, all that 
relates to the physiological explanation given by Linnzus of 
his doctrine, which, being formed upon notions that, although 
entertained at that time, are now known to be inconsistent 
with facts, need not here be repeated. 

Linnzeus commences by remarking, that “as soon as leaves 
have expanded themselves in spring, a bud is observable in 
the axil of each. ‘This bud swells as the year advances, 
and in time becomes manifestly composed of little scales: in 
the autumn the leaves fall off, but the bud remains; and in 
the succeeding spring swells, disengages itself from its enve- 
lopes, and becomes lengthened: when its outer scales have 
dried up and fallen off, the inner ones are expanded into 
leaves (like the wings of a butterfly emerging from its pupa), 
which separate from each other by means of a gradual exten- 
sion of the young branch, and presently each new leaf is found 
to contain in its bosom a little scaly bud, which, in the follow- 
ing season, will also be developed as a branch, with other 
leaves and other buds. Now, when I see a tree adorned with 
leaves, and in the bosom of these leaves provided with its 
little buds, it is natural to inquire, of what do these buds con- 
sist? Do they consist of the rudiments of leaves with their 
gemmules, the latter of other leaves and buds, and so on to 
infinity, or, at least, as far as the extension of the plant is 
likely to proceed? Nature organises living beings out of such 
minute particles, and even from fluids themselves, that the 
best eye may in vain seek to penetrate far into her mysteries. 
I shall, however, endeavour to show that the composition of 
buds does not extend further at one time than provision for 
sIx years; just as, among animals, we find the little Volvox 
globator containing within the mother its children, grand- 
children, great-grandchildren, and great-great-grandchildren 
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down to the sixth generation.” The substance of the subse- 
quent observations is this. 

‘“Tfa plant, which has flowered and fruited for many suc- 
cessive years in a pot, is transferred to a rich soil and warmer 
station, it breaks forth into branches instead of flowers. 
Hence it appears that branches and leaves can be produced 
from the provision made for flowers, provided circumstances 
are favourable to their developement.” 

As to bracts, “the bulbs of hyacinths and ornithogalums 
afford good evidence of their nature. Both bulbs and buds 
are winter coverings of plants, with this difference, that bulbs 
are the bases of leaves of the previous year, while buds are 
the rudiments of leaves of a coming year. Wherever bulbs 
grow, there are formed the persistent bases of leaves, within 
which young leaves are to be developed: within these latter 
leaves repose the buds or rudiments of future plants, exactly 
the same as the buds of trees. ‘These buds consist of the ru- 
diments of leaves of the succeeding year; small indeed, but 
containing in their axils other rudiments of like nature. 
Now, if it happens that such a plant flowers, the bud, which 
would otherwise have produced leaves the year after, is con- 
verted into a scape a year earlier; whence it comes to pass 
that the rudimentary leaves lying in the bud lose a part of 
their nutriment, in consequence of the sap being drawn off to 
the fructification: wherefore those leaves continue small, 
assume a different structure, easily wither, and are called 
by botanists bracts. ‘Thus bracts are nothing but leaves 
which would have been developed another year if the plant 
had not flowered.” 

As to the calyx. “ 'That the calyx is only the approxi- 
mated leaves of a plant, is apparent from several instances. 
The calyxes of Pyrus and Mespilus are often expanded into 
perfect leaves ; the rose offers a similar instance of the change. 
The leaves of Mesembryanthemum barbatum are supplied 
with a most curious apparatus of hairs; and the calyx con- 
sists of five pieces, in all respects similar to the leaves of the 
stem. The calycine leaves, indeed, are often very small, 
juiceless, and different from those of the stem, as if scales of 
buds previous to their developement; but that they still are 
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nothing but leaves of the same nature as those of the stem, 
must be concluded from this, that when plants, roses, and 
Geum rivale for example, become, in consequence of exces- 
sive nutriment, proliferous, the calycine leaves, which before 
were small and dry, expand into leaves in size, colour, figure, 
texture, and substance, exactly like those of the stem. Hence 
it is not to be doubted, that the calyx and the leaves of the 
stem were in the beginning alike.” 

As to the petals, “It is often very difficult to distinguish 
them from the calyx. The white corolla of Helleborus niger, 
after flowering, assumes the green appearance of the calyx. 
In luxuriant flowers of Rosa and Geum, the corolla some- 
times becomes wholly green, and assumes the foliaceous na- 
ture of the calyx. As the calyx is nothing but leaves, and as 
each leaf contains in its axil the rudiment of a plant con- 
sisting of the rudiments of leaves of a future year, it follows 
that the petals are of necessity the rudiment immediately 
within the calycine leaves; the petals, therefore, would have 
been leaves another year, if flowers had not been produced.” 

As to the stamens. ‘‘ From double flowers it is apparent 
that stamens do change into petals and petals into calyx. This 
is so well known that it need not be insisted on. Now, as from 
the axil of every leaf arises the rudiment of a plant, and from 
the axil of the calyx are produced the petals, which are 
nothing but more tender leaves, and as these petals must have, 
like other leaves, the rudiments of leaves in their axils, it follows 
that stamens are so, for they can be transmuted into petals, as 
the petals can into the leaves of the calyx.” 

As to the pistil. The evidence of this being also reducible 
to leaves, is taken from a change observed in the flowers of 
Carduus heterophyllus and tataricus, in which the style was 
changed into two green leaves like bracts, and from the com- 
mon conversion of the pistil into leaves in proliferous in- 
dividuals of the rose, the anemone, and others. I do not, 
however, find any clear evidence of Linnzeus having enter- 
tained a distinct idea of the true origin and structure of the 
pistil. 

The defects of this theory consisted, firstly, in its not ac- 
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counting for the modifications of the pistil; and, secondly, in 
the fanciful supposition that the organs of fructification are 
prepared six years beforehand, and that their peculiar appear- 
ance is owing to the time of this developement being 
anticipated by some unknown but ever-acting cause. It was 
this which, in all probability, caused the whole theory to be 
generally neglected. It was however maintained by Ludwig 
and Wolff; the latter of whom, in particular, improved so 
much upon the speculation of Linnzeus, by rejecting what was 
fanciful, and supplying, to a certain extent, an explanation of 
the origin of the pistil, that his paper in the Nove Commentarit 
Academie Petropolitane for 1768 would undoubtedly have 
deserved to be considered the commencement of the last sera 
in botanical philosophy, if it had been known to botanists. 
But it was introduced into a paper upon the formation of the 
intestines of animals, and does not appear ever to have at- 
tracted any attention, until it was discovered by Miquel 
about two years ago. 

It is, therefore, in reality to the celebrated poet Gothe that 
the honour justly belongs of having brought before the world, 
in a solid and philosophical form, the doctrine of all the parts 
of a plant being in reality reducible to the axis and its 
appendages, and consequently of having proved, to use his own 
words, that vegetables “ develope themselves out of themselves 
progressively.” By this means he led to the discovery of the 
real laws of structure in the various organs that are com- 
pounded of modified leaves, and thence to a determination of 
the analogies that exist between one thing and another in 
different tribes of plants; thus laying the foundation of Vege- 
table Comparative Anatomy. 

Gothe’s Versuch die Metamorphose der Pflanzen zu erklaren 
appeared in 1790; it was long before it attracted attention ; 
but as soon as it was brought into notice by the speculations of 
Brown, De Candolle, Du Petit Thouars, and others, it pro- 
duced a revolution in the views of botanists which has had no 
parallel since the microscopical discoveries of Grew and the 
vegetable anatomists of his day. 

In the following remarks I shall endeavour to condense 
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what has been said by writers on morphology under two 
heads: in the first, treating of regular metamorphosis, that is 
to say, of that which is connected with the structure of all 
vegetables; and in the second, of irregular metamorphosis, or 
of that which influences particular plants or parts of plants, 
and which occurs only in occasional instances. 


530 MORPHOLOGY. BOOK VI. 


CHAPTER I. 


REGULAR METAMORPHOSIS. 


Ir the structure of a perfect plant is attentively considered, it 
will be found to consist of a congeries of branches succes- 
sively produced out of each other from one common stock, 
and each furnished with exactly the same organs or append- 
ages as its predecessor, ‘This continues until the fructifi- 
cation is produced, when an alteration takes place in the 
extremity of the fructifying branch, which is incapable, gene- 
rally speaking, of further prolongation ; but, as the branches, 
before they bore fruit, were repetitions the one of the other, 
so are the branches bearing fruit also repetitions of each 
other. Ifa thousand sterile or a thousand fertile branches 
from the same tree are compared together, they will be found 
to be formed upon the same uniform plan, and to accord in 
every essential particular. Each brauszn is also, under favour- 
able circumstances, capable of itself becoming a separate in- 
dividual, as is found by cuttings, budding, grafting, and other 
horticultural processes. ‘This being the case, it follows that 
what is proved of one branch is true of all other branches. 

It is also known that the elementary organs used by nature 
in the construction of vegetables, are essentially the same; 
that the plan upon which these organs are combined, however 
various their modifications, is also uniform; that the fluids all 
move, the secretions all take place, the functions are all regu- 
lated, upon one simple plan; in short, that all the variations 
we see in the vegetable world are governed by a few simple 
laws, which, however obscurely they may be understood by us, 
evidently take effect with the most perfect uniformity. 

Hence it is not only true, that what can be demonstrated 
of one branch is true of all other branches of a particular 
individual; but also, that whatever can be shown to be the 


CHAP. I. REGULAR METAMORPHOSIS. 531 


principles that govern the structure of one individual, will 
also be true of all other individuals. 

It is particularly requisite that this should be clearly under- 
stood, in order that a just estimate may be formed of the 
nature of the proofs to be now adduced in regard to the 
doctrines of morphology. Whatever can be demonstrated to 
be true, with regard to one single individual, is true of all 
other individuals: whatever is proved with reference to one 
organ, is proved by implication, as to the same organ, in all 
other individuals whatsoever. 

Moreover, the fact of one organ being readily transformed 
into another organ, is in itself a strong presumption of the 
identity of their origin and nature; for it does not happen 
that one part assumes the appearance and functions of another 
if they are essentially different. Thus, while the functions of 
the hand may be performed by the feet, as we know they oc- 
casionally are in animals, nothing whatsoever leads the heart 
to perform the functions or assume the appearance of the 
liver, or the liver of any other organ. ‘This is one of the 
arguments of Linneeus. 

The first organ which requires consideration is the stipule. 
It is not present in all plants; but, when it does exist, is 
found at the base of the footstalk of the leaves. It generally 
is a membranous process, with a bundle of vessels passing up 
its centre; or it is entirely destitute of a vascular system. In 
the rose the former is the case ; but nothing is more common 
than to find a leaflet accompanying the stipule; and in a 
specimen of Rosa bracteata which I once had in my posses- 
sion there were no stipules, but, in their stead, two pinnated 
exstipulate leaves. Hence stipules are to be considered as 
rudimentary leaves. 

The bracts are the organs intermediate between the leaves 
and the calyx. ‘Their nature is extremely various; some- 
times they have a greater resemblance to the leaves, and 
sometimes to the calyx. In some roses, as R. canina, they 
are obviously dilated petioles, to which a leaflet now and then 
is attached: in other species, as R. spinosissima, they differ 
in no respect from the other leaves. In the tulip a bract is 


occasionally present upon the scape, a little below the flower ; 
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this is always of a nature partaking both of the leaf and the 
flower. In Abies excelsa the purple scale-like bracts often 
become gradually narrower, and acquire a green colour like 
leaves. It has been stated by some botanists, that bracts are 
distinguishable from leaves by not producing buds in their 
axils; but the inaccuracy of such a distinction is apparent 
from a variety of cases. In Polygonum viviparum, and all 
viviparous plants, the flowers themselves are converted into 
buds within the bracts. There is a bud in the axil of every 
bract of the rose. ‘The common daisy often bears buds in the 
axils of the bracts of its involucre; in which state it is com- 
monly known in gardens by the name of hen and chickens. 
In the permanent monster called Muscari monstrosum, a 
small cluster of branches covered with minute imbricated 
coloured bracts is produced in lieu of each flower. Here all 
the parts of the fructification, instead of remaining at rest to 
perform their functions, are attempting, but in vain, to be- 
come organs of vegetation ; or, in other words, to assume that 
state from which, for the purposes of perpetuating the species, 
they had been metamorphosed by nature. Hence it is clear 
that bracts cannot be essentially distinguished from leaves. 
Such being the case with the bracts, let us see if any 
positive line of demarcation exists between them and the 
calyx. With the calyx begins the flower properly so named; 
it forms what some morphologists call the outer whorl of the 
fructification, and with it commences a new order of leaves, 
—namely, those of the fructification, — said to be distinguished 
from the leaves of vegetation by their constantly verticillate 
arrangement, and by the want of buds in their axils. With 
the leaves of the fructification all power of further increase 
ceases; the energies of the plant being diverted, when they 
commence, from increasing the individual to multiplying the 
species. The general resemblance of the calyx to the ordi- 
nary leaves of vegetation is well known: its green colour, 
and tendency to develope itself into as many leaves as it con- 
sists of divisions, especially in double roses, is so notorious 
that it need not be insisted on. In the case of Mesembryan- 
themum barbatum, noticed by Linneeus, there is no difference 
whatsoever between the leaves of the calyx and those of 
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the stem. In a specimen of a cowslip now before me, the 
calyx is formed of five perfect leaves, in no respect different 
from the others, except in being a little smaller. The 
resemblance, however, between the calyx and the stem 
leaves is often not apparent; but the identity of the calyx 
and bracts is usually more obvious. In Calycanthus, the 
transition from the one to the other isso gradual, that no one 
can say where the distinction lies; and in numberless Ericas 
the resemblance of the bracts and calyx is perfect. The 
divisions of the calyx are also occasionally gemmiferous. A 
case is mentioned by Roper, in which one of the sepals of 
Caltha palustris was separated from the rest, and furnished with 
a bud. And Du Petit Thouars speaks of a specimen of Bras- 
sica napus, in which branches were produced within the calyx. 

I have myself a monster of Herreria 
parviflora (fig. A), of the same na- 
ture. From this it is apparent 
that the divisions of the ealyx are 


not only not distinguishable from 
ay bracts, but that there is often a 
iy strong tendency in the former to 
: assume the ordinary appearance of 
leaves. ‘There is, however, another 
point to which it is necessary to advert, in order to complete 
the proof of the identity of calyx and leaves; this is the ver- 
ticillate arrangement of the former. | 
Leaves are either opposite, alternate, or whorled; and it 
has been shown, in speaking of them, that these differences 
depend wholly upon their greater or less degree of approxi- 
mation. If the leaves of a plant are rightly considered, they 
will be found to be inserted spirally round a common axis; 
that is to say, a line drawn from the base of the lower leaf to 
that of the one above it, thence continued to the next, and so 
on, would have a spiral direction. When leaves become 
approximated by pairs, the spire is interrupted, and the leaves 
are opposite: let the interruption be a littke greater, and the 
leaves become ternate; and if the interruption be very con- 
siderable, what is called a whorl is produced, in which several 


leaves are placed opposite to each other round a common 
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axis, asin Galium. Now a whorl of this nature is exactly of 
the nature of a calyx, only it surrounds the axis of the plant, 
instead of terminating it. As we know that such approxi- 
mations often taken place in the stem in the direct line of 
growth, when the propulsion of the matter of vegetation 
exists in its greatest activity, there is no difficulty in compre- 
hending the possibility of such an approximation constantly 
existing at the end of the system of growth, where the propul- 
sion of the matter of vegetation ceases. But the calyx and 
more inner whorls of the fructification do not always retain 
their verticillate position; on the contrary, they occasionally 
separate from each other, and assume the same position with 
regard to the axis of vegetation as is naturally proper to the 
leaves. This is particularly striking in a very common per- 
manent monster of Lilium album, known in the gardens by 
the name of the double white lily. In this plant the whole 
verticillation of the parts of fructification is destroyed; the 
axis is not stopped by a pistil, but is elongated into a stem, 
around which the white leaves of the calyx are alternately 
imbricated ; and in double tulips the outer whorl, represent- 
ing the calyx, frequently loses its verticillate arrangement, 
and becomes imbricated like leaves of a stem. ‘The same 
structure also occurs in the double white Fritillaria meleagris. 
Hence it cannot be doubted that the calyx consists of leaves 
in a particular state. 

The corolla forms the second line or whorl of the fructi- 
fication. It consists of several divisions, usually not green, 
and always alternate with those of the calyx. It is a series 
of leaves arising within those of the calyx, from which it is 
sometimes, indeed, very easy to distinguish it; but from which 
it is so often impossible to discriminate it, that the difference 
between the calyx and corolla has been one of the most de- 
batable subjects in botany. No limits can be found in Caly- 
canthus; the same is true of Illicium, and several similar 
plants. In all Liliaceze, Asphodeleze, Orchidez, and Scita- 
mineze, the only distinction that can be drawn between the 
calyx and corolla is, that the one is inserted within the other ; 
they are alike in figure, colour, texture, odour, and function. 
Whatever, therefore, has been proved to be true of the calyx 
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is also true of the corolla. There are also cases in which the 
petals have actually reverted to the state of leaves. In a 
Campanula Rapunculus, seen by Roper, the corolla had 
become five green leaves like those of the calyx; the same 
was found in an individual of Verbascum pyramidatum, de- 
scribed by Du Petit Thouars; proliferous flowers of Geum 
and Rosa, in which the petals were converted into leaves, are 
adduced by Linnzeus. 

The third whorl, or series of the fructification, is occupied 
by the stamens. These often consist of a single row, equal in 
number to the divisions of the corolla, with which they are, 
in that case, alternate. ‘The exceptions to this in flowers with 
a definite number of stamens are not numerous; and such as 
do occur are to be considered as wanting the outer row of 
stamens, and developing the second row instead. Thus in 
Primulaceee, in which the stamens are opposite to the petals, 
and therefore belonging to a second whorl, the first makes its 
appearance in Schwenkia, which undoubtedly forms part of 
the order, in the form of clavate or subulate processes arising 
from the sinuses of the limb. These and similar processes, 
which are far from uncommon in plants, and which are known 
by a number of different names, such as scales of the orifice 
of the corolla, glands, nectary, cup, &c. are in most cases me- 
tamorphosed stamens. In Narcissus the cup is formed of 
three stamens of the first row,. become petaloid and united at 
their margins; while the six, which form the second and 
third rows, are in their usual state, and within the tube. 
This is shown, firstly, by the frequent divisions of this cup 
into three lobes, which then alternate with the inner row of 
perianthium, or the petals; secondly, by a distinct tendency 
in double Narcissi, particularly N. poeticus, to produce abor- 
tive anthers on the margin of the lobes of the cup; and, 
thirdly, by the genus Brodiza and its allies. In that genus 
the crown of the original species consists of three petaloid 
pieces, not united into a cup as in Narcissus, but wholly 
separate from each other: in Leucocoryne ixioides these 
pieces are not petaloid, but clavate; and in Leucocoryne 
odorata the pieces have the same figure as in L. ixioides, but 


almost constantly bear more or less perfect anthers. That 
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the anthers are mere alterations of the margins of petals, there 
is no difficulty in demonstrating. In Nympheza the passage 
from one to the other may be distinctly traced. In double 
roses the precise nature of this metamorphosis is shown in a 
very instructive way: if any double rose is examined, it will 
be seen that those petals which are next the stamens contract 
their claw into the form of a filament; a distortion of the 
upper part, or limb, also takes place; the two sides become 
membranous, and put on the colour and texture of the anther ; 
and sometimes the perfect lobe of an anther will be found on 
one side of a petal, and the half-formed mis-shapen rudiment 
of another on the opposite side. In Aquilegia vulgaris this 
transformation is still more curious, but equally distinct: the 
petals of that plant consist of a long sessile purple horn or 
bag, with a spreading margin; while the stamens consist of a 
slender filament, bearing a small, oblong, two-celled, yellow 
anther ; in single and regularly formed flowers, nothing can 
be more unlike than the petals and stamens; but in double 
flowers the transition is complete: the petals, which first 
begin to change, provide themselves with slender ungues ; the 
next contract their margin, and acquire a still longer unguis; 
in the next the purple margin disappears entirely; two yellow 
lobes like the cells of the anther takes its place, and the horn, 
diminished in size, no longer proceeds from the base as in the 
genuine petal, but from the apex of the now filiform unguis: 
in the last transition the lobes of the anther are more fully 
formed, and the horn is almost contracted within the dimen- 
sions of the connective, retaining, however, its purple colour : 
the next stage is the perfect stamen. No further evidence can, 
I think, be required of the formation of stamens out of petals; 
if more be wished for, the first double flower that may present 
itself to the observer may be appealed to. The conversion of 
stamens into green leaves is far more uncommon; this, indeed, 
very rarely occurs. It was seen by Roper in the Campanula 
Rapunculus already referred to; and Du Petit Thouars found 
the stamens of Brassica napus converted into branches, bear- 
ing verticillate leaves. ‘Thus it appears that the stamens, 
like the petals, calyx, and bracteze, are merely modified 
leaves. 
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We now come to the consideration of a fourth series of the 
fructification, the disk; this is so frequently absent, and is 
of so obscure a nature, that few morphorlogists take it into 
their consideration. It is, however, necessary to understand 
it, if possible, especially as, when present, it occasionally pre- 
sents itself under very singular and various forms. In many 
plants it consists of a mere annular fleshy ring, encompassing 
the base of the ovary; in others it forms a sort of cup, in 
which the ovaries are inclosed, as in certain Peeonies; and it 
very frequently makes its appearance as hypogynous glands or 
scales: it is almost always between the stamens and pistil. 
That it is not an organ of a distinct nature may, I think, 
be safely inferred from its having no existence in a large num- 
ber of flowers: but if it is not an organ of itself, it must be 
a modification of something else; and in that view, from its 
situation, it would be referable either to the stamens or pistil. 
It has so little connection with the latter, from which it always 
separates at maturity, that it can scarcely be referred to it. 
With the stamens it has, perhaps, a stronger relation: it con- 
sists of the same cellular substance as the connective of the an- 
thers; is very often of the same colour ; whenever it separates 
into what are called hypogynous glands or scales, these always 
alternate with the innermost series of stamens. In the Peeony 
the disk may, in some measure, be compared to the inner row 
of scales which exists between the stamens and pistil of the 
nearly related genus Aquilegia. Dunal has noticed half the 
disk of a Cistus bearing stamens; and a variety of instances 
may be adduced of an insensible gradation from the stamens 
to the most rudimentary state of this organ. 

The fifth and last series of fructification is the pistil. Let 
us first consider this organ in its simple state, and then advert 
to it in a state of composition. The simple pistil, that of the 
pea for instance, consists of an ovary, bearing its ovules on 
one side in two parallel contiguous rows, and at its upper ex- 
tremity tapering into a style which terminates in a stigma. 
If this organ be further examined, it will be found that there 
is a suture running down each edge from the style to the 
base; it will be also seen that the ovules are attached to one 
of these sutures, and that the style is an elongation of the 
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other; further, it will be perceived that the two sides of 
the ovary are traversed by veins emanating from the suture 
that terminates in the style, and that these veins take a 
slightly ascending direction towards the suture that bears 
the ovules. Now, if when the pod of the pea is half grown, 
it be laid open through the suture that bears the ovules, 
all these circumstances will, at that time, be distinctly visible ; 
and if it then be compared with one of the leaflets of the 
plant, it will be apparent that the suture bearing ovules an- 
swers to the two edges of the leaf, the suture without ovules 
to the midrib, and the style to the mucro. Hence it might, 
almost without further evidence, be suspected that the ovary 
was an alteration of the leaf; but if the inquiry be carried 
further in other plants, this suspicion becomes converted into 
certainty. Inthe first place, the suture without ovules, which 
has been said to be the midrib, is always external with respect 
to the axis of fructification, as would be the case with the 
midrib of a leaf folded up and terminating the fructification. 
In the next place, nothing is more common than to find the 
pistil converted either into petals or into leaves: its change 
into petals is to be found in numerous double flowers ; as, for 
example, double Narcissi, Hibiscus Rosa sinensis, wall-flowers, 
ranunculuses, saxifrages, and others. ‘These, however, only 
show its tendency to revert to petals as the representatives of 
leaves. The cases of its reverting to other organs are much 
more instructive. In the double Ulex Europzeus the ovary 
is extremely like one of the segments of the calyx; its ovu- 
liferous suture is not closed; in the room of ovules it some- 
times bears little yellow processes, like miniature petals, and 
its back corresponds to what would be the back of the calyx ; 
no style or stigma is visible ; sometimes two of these metamor- 
phosed ovaries are present: in that case the sutures which 
should bear ovules are opposite to each other, just as the 
inflexed margins of two opposite leaves would be. In Kerria 
Japonica, which is only known in our gardens in a double state, 
the ovaries are uniformly little miniature leaves, with serrated 
margins corresponding to the ovuliferous suture of the ovary, 
and an elongated point representing the style; their interior 
is eccupied by other smaller leaves. Nothing is more common 
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among roses than to find the ovaries converted into perfect 
leaves ; in such cases the margins uniformly occupy the place of 
the ovuliferous suture, and the midrib that of the sterile suture. 
But the most instructive and satisfactory proof of the pistil 
being merely a modified leaf, is to be found in the common 
double cherry of the gardens. In this plant the place of the 
ovary is usually occupied by a leaf extremely similar to those 
of the branches, but much smaller; it is folded together ; its 
margins are serrated, and, in consequence of the folding, 
placed so as to touch each other; and they occupy the place 
of the ovuliferous suture of a real pistil. The midrib of this leaf 
corresponds to the station of the sterile suture of the ovary, 
and is not only lengthened into a process representing a style, 
but is actually terminated by a stigma. I think, therefore, 
that all doubt as to the foliaceous nature of the pistil must 
cease. ‘There is thus a greater identity of function between 
the pistil and the other series of the fructification than would 
at first appear probable. We seldom, indeed, find it con- 
verted into stamens; but it often takes upon itself the form 
of petals, as has been shown above; and although cases are 
very rare of pistils bearing pollen, yet several instances are 
known of ovules being borne by the stamens. This occurs 
continually in Sempervivum tectorum; I have shown it to 
happen in an Amaryllis, known in gardens as the double Bar- 
badoes lily (see the Horticultural Transactions, vol. vi.) ; and 
it is constantly the case in a particular variety of the com- 
mon wall-flower, cultivated in the Apothecaries’ Garden at 
Chelsea. 

We see then that there is not only a continuous uninterrupted 
passage from the leaves to the bracts, from bracts to calyx, 
from calyx to corolla, from corolla to stamens, and from sta- 
mens to pistil, from which circumstance alone the origin of all 
these organs might have been referred to the leaves ; but that 
there is also a continual tendency on the part of every one of 
them to revert to the form of leaf. Some botanists say, that 
all this depends upon an alternation of expansion and contrac- 
tion, which may be compared to the mechanical osci'lation of 
the pendulum, and to the physical alternation observed in 
animated beings and the periods of life. The leaves, they 
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say, are an expansion of vegetation, and the flower a con- 
traction of it; and in the flower itself, while the calyx is con- 
tracted, the corolla is dilated; the stamens again are con- 
tracted, and the pistil expanded; and with the ultimate 
contraction of the ovules ceases the vegetable system. 

All that has hitherto been said of the pistil relates to it 
only in its simple state. In a state of composition it differs 
so much in appearance from its simple form, that all the old 
race of botanists was entirely ignorant of the true theory of 
its construction. No trace is to be found in the writings of 
Linnzeus of any thing which can be construed into an acquaint- 
ance with this subject: nor, excepting in Wolff’s paper, can I 
find an indication of it in any writer before the appearance 
of Gothe. At section 78. of die Metamorphose der Pflanzen 
are the following remarkable words : —“ Keeping in view the 
observations that have now been made, there will be no dif- 
ficulty in discovering the leaf in the seed-vessel, notwith- 
standing the variable structure of that part, and its peculiar 
combinations. ‘Thus, the pod is a leaf which is folded up, 
and grown together at its edges, and the capsule consists of 
several leaves grown together; and the compound fruit is 
composed of several leaves united round a common centre, 
their sides being opened so as to form a communication 
between them, and their edges adhering together. This is 
obvious from capsules, which, when ripe, split asunder; at 
which time each portion is a separate pod. It is also shown by 
different species of one genus, in which modifications exist of 
the principle on which their fruit is formed: for instance, the 
capsules of Nigella orientalis consist of pods assembled round 
a centre, and partially united; in Nigella damascena their 
union is complete.” 

Having already spoken at length upon this subject, when 
considering the structure of the fruit, it is not necessary to 
repeat the arguments here. ‘There is no doubt of the truth 
of the theory, which is now universally adopted by all philo- 
sophical botanists. 

As it may thus be proved that all the parts of a flower are 
merely modified leaves, there can be no difficulty in admitting 
the following propositions as the basis of morphology : — 
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*¢ Every flower, with its peduncle and bracteolz, being the 
developement of a flower-bud, and flower-buds being alto- 
gether analogous to leaf-buds, it follows, as a corollary, that 
every flower, with its peduncle and bracteole, is a metamor- 
phosed branch. 

‘¢ And further, the flowers being abortive branches, what- 
ever the laws are of the arrangement of branches with respect 
to each other, the same will be the laws of the arrangement 
of flowers with respect to each other. 

“In consequence of a flower and its peduncle being a 
branch in a particular state, the rudimentary or metamor- 
phosed leaves which constitute bracteze, floral envelopes, and 
sexes, are subject to exactly the same laws of arrangement as 
regularly formed leaves.” (Outline of the First Principles of 
Botany, edit. 2.) 

Therefore all theories of structure inconsistent with these 
propositions must of necessity be vicious. For this reason 
there is no difficulty in rejecting the hypothesis of dédoublement 
(unlining) of Dunal, which assumes that in a flower every organ 
consists of two parts, one standing zn front of the other, and 
forming what he calls a chorisie; than which no doctrine 
more utterly unsupported by facts, or more entirely irreconcil- 
able with whatever is known of structure, can easily be ima- 
gined. To admit it would be to overturn all the admitted 
rules of philosophy, by exalting a few seeming exceptions to 
great general laws above those laws themselves. Neither do 
the speculations of Agardh upon this subject appear to be at 
all better founded. 
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CHAPTER II. 


IRREGULAR METAMORPHOSIS. 


It is probable, that all plants have a particular range, in some 
cases more extended than in others, to which they are best 
suited on account of their constitutional peculiarities, which 
become visible in consequence of the effect produced by a 
change of situation, although not appreciable otherwise. The 
two great agents by which they are affected, that is to say, 
soil and atmosphere, will, in their natural situations, be nearly 
uniform. And so long as this uniformity of the conditions 
under which they exist continues, their structure will remain 
unchanged; but let an alteration take place, their atmosphere, 
for instance, change from! that of the valley to that of the 
mountain, the soil from alluvial deposit to chalk or slate, and 
the mean temperature under which they are formed fall 
several degrees : or remove a plant from its native spot, and 
cultivate it in the rich soil of a garden for several generations; 
thus submitting it to what may be called the effect of domes- 
tication. Under such circumstances, an alteration will be 
produced in the structure of the plant, which will become 
manifest by external characters. ‘This is what is called ir- 
regular metamorphosis ; and may be considered the cause of 
the endless varieties of form into which garden plants are 
continually sporting. In a wild state these varieties are com- 
paratively rare; while, on the contrary, new forms, miscalled 
species, are always starting up in every botanic garden. In 
the garden of Berlin, Link states that Ziziphora dasyantha, 
after many years, changed to another form, which might be 
called Z. intermedia. 

But although there is no reasonable doubt that irregular 
metamorphosis does take place in consequence of some change 
in the conditions under which plants are formed, the cosmica 
momenta of some writers, yet it is certain that we are entirely 
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ignorant of the specific causes by which metamorphoses are 
effected. We know that the cellular tissue, and the secreted 
matter or proper juices, are what chiefly manifest their sensi- 
bility of change; but beyond this we know absolutely nothing 
whatsoever. In this want of information the simplest manner 
of treating this subject is to take the parts of vegetation in 
succession, and to state what is known of the irregular meta- 
morphosis of each. 

The roots and tubers undergo a vast variety of changes: 
some of which are the effects of domestication, and others 
produced in wild individuals. Some grasses, when growing 
in situations more dry than those to which they have been 
accustomed, acquire bulbs; as if laying by reservoirs of 
nourishment to meet the casual want of a sufficient supply 
of food. Other roots sport, when domesticated, into various 
forms and colours; as is familiarly exemplified in all those 
which supply our tables. In the turnip the form varies from 
spherical to depressed, oblong, and fusiform; the epidermis 
from white to yellow, purple and green: the same may be 
said of the radish. ‘The celery, the root of which is fibrous 
when wild, produces under domestication a fleshy round root 
like that of a turnip, known in gardens by the name of 
celeriac. ‘The common potato, the colour of which is usually 
yellow, produces a variety deeply stained, not on the epidermis 
only, but through its whole substance, with purple. The 
parsnip varies from fusiform to spherical; and there are hun- 
dreds of similar cases of which every body must be aware. 

Metamorphosis of the stem is much less frequent than 
those of the root. ‘The stems of the common cabbage are 
naturally hard and stringy; but in a variety, called by the 
French Chou moellier, the stem is succulent and fusiform; and 
in the Kohl Rabi it forms a succulent tumour above the 
ground, in form and size resembling a turnip. In alpine 
situations the stem becomes shortened in proportion to the 
elevation at which it is produced, but it lengthens in low humid 
situations. Domestication has also rendered tall stems mere 
dwarf, and dwarf stems taller; the common Dahlia, the mean 
height of which may be estimated at six feet, has been reduced 
by cultivation to a stature not exceeding three. Cabbages 


544 MORPHOLOGY. BOOK VI. 


and many culinary plants have undergone a similar change; 
while the common hemp has sported into a gigantic variety 
twice the usual size. ‘The stem occasionally becomes fasciated ; 
that is to say, assumes the appearance of a number of separate 
stems, glued together side by side, as in the common cocks- 
comb Celosia. This was formerly believed to arise from the 
union of several stems ; a manifest error, as an inspection of a 
dissected stem will prove: it is an extremely irregular form- 
ation, something analogous to that which constantly obtains in 
Bauhinia. 

The leaves undergo a thousand metamorphoses, of which I 
shall only select a few remarkable cases. ‘They beeome suc- 
culent and roll inwards, forming what gardeners call a heart ; 
as in the cabbage and the lettuce. Their parenchyma extends 
more rapidly than the veins and margins; this produces 
puckering, as in curled leaves. If the parenchyma and margin 
are together produced in excess, we then have what gar- 
deners call a curl, as in the plants known by the respective 
names of curled cress, curled savory, curled endive, &c. If 
this tendency to parenchymatous developement proceed much 
further, the surface is not merely puckered, but processes arise 
from it in every direction, and occasionally assume grotesque 
figures, or even the resemblance of other leaves; the Scotch 
kail of gardeners is an instance of this. ‘The parenchyma is 
formed more slowly than the veins and margins; this pro- 
duces what are called cut or pinnatifid leaves, as in many 
garden plants, such as the cut-leaved Fagus sylvatica, Alnus 
glutinosa, and others. Occasionally in compound leaves an 
unusual number of leaflets is produced, as seven in some tre- 
foils in room of three; a doubly pinnate leaf in some roses in 
lieu of a simply pinnate one. In other plants the reverse 
occurs: there isa Dahlia, which constantly produces simple 
leaves in room of compound ones. 

In flowers irregular metamorphoses are extremely common ; 
they consist of a multiplication of the petals, of a transform- 
ation of petals into stamens, and of a change in colour or in 
smell. In roses the multiplication of petals is the nearly 
universal cause of the double state of their flowers: in the 
Rose Ciillet, and many Anemones, impletion depends upon a 
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conversion of petals into stamens. I have, in a paper read 
before the Horticultural Society, and published in the sixth 
volume of their Transactions, endeavoured to show that these 
changes always take place in the order of developement, or 
from circumference to centre; that is to say, that the calyx is 
transformed into petals, the petals into stamens, and the 
stamens into ovarium; but that the reverse does not occur. 
It is there observed, that alterations of another kind may 
happen, such as changes in the appearance of the stamens 
occasioned by abortion; but such metamorphoses are to be 
considered imperfect attempts on the part of particular organs 
to revert to their primitive forms. It is further remarked, 
that if metamorphosis took place from centre to circumference, 
or in a direction the inverse of developement, it would not be 
easy to show the cause of the greater beauty of double than 
of single flowers; because the inevitable consequence of a 
reversed order of transformation would be, that the rich or 
delicate colour of the petals, upon which all flowers depend 
for their beauty, would be converted into the uniform green 
of the calyx. Such a change, therefore, instead of producing 
a flower more beautiful than its original, would tend to destroy 
its beauty. But if the true order of alteration be from the 
circumference to the centre, and if the different organs of 
fructification are only susceptible of being converted into 
those which are next them, and the axis of inflorescence, and 
if no retrograde action takes place, the reason of the superior 
beauty of double flowers will be manifest. In the latter case 
the calyx may, indeed, throw off its dull green colour and 
assume the vivid hues of the petals, as in the Peony and 
primrose, and the petals may dilate themselves, and in at- 
tempting to perform the functions of stamens may multiply 
and transform themselves into a hundred grotesque and 
curious appearances ; but no diminution of beauty or loss of 
brilliant colours will take place. Such were the opinions I 
ventured to entertain in 1825: they concern a subject pecu- 
liarly exposed to doubt and difference of opinion; but I think 
that the weight of evidence is in favour of those opinions 
rather than the contrary. 
NN 
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With regard to colour, its infinite changes and metamor- 
phoses in almost every cultivated flower can be compared to 
nothing but the alterations caused in the plumage of birds 
or the hairs of animals by domestication. No cause has ever 
been assigned to these phenomena, neither has any attempt 
been made to determine the cause in plants. We are, how- 
ever, in possession of the knowledge of some of the laws 
under which change of colour is effected. A blue flower will 
change to white or red, but not to bright yellow; a bright 
yellow flower will become white or red, but never blue. Thus 
the hyacinth, of which the primitive colour is blue, produces 
abundance of white and red varieties, but nothing that can be 
compared to bright yellow; the yellow hyacinths, as they are 
called, being a sort of pale yellow ochre colour verging to 
green. Again, the ranunculus, which is originally of an 
intense yellow, sports into scarlet, red, purple, and almost any 
colour but blue. White flowers, which have a tendency to 
produce red, will never sport to blue, although they will to 
yellow; the rose, for example, and Chrysanthemums. It is 
also probable that white flowers, with a tendency to produce 
blue, will not vary to yellow; but of this I have no instance 
at hand. 

Smell varies in degree rather than in nature; some plants, 
which are but slightly perfumed, as the common China rose, 
acquire a powerful fragrance when converted to the variety 
called “the sweet-scented ;” but I am not acquainted with any 
case among flowers in which a positive difference of smell 
exists In two varieties of the same species. 

Metamorphoses of the fruit are very common, and administer 
largely to the wants of mankind. ‘They consist of alteration 
in colour, size, flavour, smell, and structure. The wild blue 
sloe of our hedges has, in the course of ages, by successive 
domestication, been converted into the purple, white, and yel- 
low plums of our desserts. The wild crab is the original from 
which have sprung the many-coloured, Proteus-like variety of 
the apple ; some of which are destitute of smell, others scented 
like the pine-apple, and a few partaking of the perfume of the 
rose. In peas the parchment-like lining of the pod occa- 
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sionally disappears, and the whole swbstance of the seed vessel 
consists of lax cellular tissue. In the orange a second fruit 
is sometimes produced in the inside, agreeing in all respects 
with the outer fruit, even in peel; this is doubtless due to an 
attempt at producing a second series of pistilla. In a variety 
of the citron, called the fingered shaddock, well known in 
China, this tendency to form a second row of pistilla is not 
only in excess, but the cells of the fruit, in attempting to 
separate themselves into the simple individuals of which the 
fruit of the shaddock is ordinarily composed, divide it into 
distinct lobes irregularly arranged round a common axis. 
Having thus passed in review the irregular metamorphoses 
of plants through all the different parts, there still remains a 
subject on which it is requisite to say a few words. This is 
the permanency of such metamorphoses, or their capability of 
being perpetuated by seeds. It is a general law of nature, 
that seeds will perpetuate a species, but not a variety; and 
this is no doubt true, if rightly considered: and yet it may 
be urged, if this be so, how have the varieties, well known to 
gardeners and agriculturists, for many years been unceasingly 
carried on from generation to generation without change ? 
The long, red, and round white radishes of the markets, for 
instance, have been known from time immemorial in the same 
state in which they now exist. ‘The answer is this. A species 
will perpetuate itself from seed for ever under any circum- 
stances, and left to the simple aid of nature: but accidental 
varieties cannot be so perpetuated; if suffered to become 
wild, they very soon revert to the form from which they 
originally sprung. It is necessary that they should be cul- 
tivated with the utmost care; that seed should be saved from 
those individuals only in which the marks of the variety are 
most distinctly traced; and all plants that indicate any dis- 
position to cast off their peculiar characteristics should be 
rejected. If this is carefully done, the existence of any 
variety of annual or perennial plant may undoubtedly be pro- 
longed through many generations; but in woody plants 
this scarcely happens, it being a rare occurrence to find 
any variety of tree or shrub producing its like when increased 


by seed. 
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The reader who would occupy himself further with this 
curious subject, may consult Miquel’s Commentatio de orga- 
norum in Vegetabilibus ortu et Metamorphosi, Lugd. Bat. 1833, 
and Roper’s treatise de Organis Plantarum. 

Engelmann has, moreover, (de <Antholysi prodromus) at- 
tempted to classify the principal aberrations from normal 
structure. He has collected a very considerable number of 
cases under the following heads. 

1. Retrograde metamorphosis (Regressus), when organs 
assume the state of some of those on the outside of them, as 
when carpels change to stamens or petals, hypogynous scales 
to stamens, stamens to petals or sepals, sepals to ordinary 
leaves, irregular structure to regular, and the like. 2. Folia- 
ceous metamorphosis (Virescentia), when all the parts of a 
flower assume more or less completely the state of leaves. 
3. Disunion (Disjunctio), when the parts that usually cohere 
are separated, as the carpels of a syncarpous pistillum, the 
filaments of monadelphous stamens, the petals of a mono- 
petalous corolla, &c. 4. Dislocation (Apostasis): in this case 
the whorls of the flower are broken up by the extension of 
the axis. 5. Viviparousness (Diaphysis), when the axis is 
not only elongated, but continues to grow and form new parts, 
as in those instances where one flower grows from within 
another. And finally, 6. Proliferousness (cblastesis), when 
buds are developed in the axils of the floral organs, so as to 
convert a simple flower into a mass of inflorescence. A very 
considerable number of instances are adduced in illustration 
of these divisions, and the work will be found highly useful as 
a collection of curious or important facts. 

The doetrines of morphology, and the evidence in support 
of them, may now be considered so far settled, as to require 
but little further illustration for the present. This is, how- 
ever, only true of flowering plants: in the whole division of 
flowerless plants there has been scarcely any attempt to dis- 
cover the analogy of organs, and to reduce their structure to 
a corresponding state of identification. I some time since 
endeavoured to excite attention to this subject, by hazard- 
ing some speculations which had at least the merit of novelty 
to recommend them; but I cannot discover that any one has 
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since turned his attention to the inquiry, although it must be 
confessed that the comparative anatomy of flowerless plants is 
among the most interesting topics still remaining for discus- 
sion; and that it is rather discreditable to Cryptogamic 
botanists that the elucidation of so curious a matter should 
be postponed to the comparatively unimportant business of 
distinguishing or dividing genera and species. 
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SUPPLEMENTAL NOTE. 


Sryce that portion of the present work which relates to 
Vegetable Fertilisation was set in type, I have received a copy 
of a very curious paper on the same subject, under the title of 
Beitrdge zur Lehre von der Befruchtung der Pflanzen; by A. J.C. 
Corda; in which there are many original observations con- 
nected with this most interesting part of Vegetable Physiology. 
The author’s observations are chiefly upon the manner in 
which the pollen tubes act upon the ovules of coniferous 
plants, and especially of the Spruce Fir. In these naked 
seeded vegetables it is necessary that a direct communication 
should erke place between the pollen grain and the foramen 
of the ovule: for the usual inter roa apparatus of style and 
stigma is wanting. ‘The direction of the pollen tubes was 
found to be through the foramen of the secundine into the 
apex of the nucleus, into which they pierced till they reached 
its very bottom. ‘The author says,— ‘ I saw the pollen tubes 
pass through the foramen of the secundine, enter the mouth 
(embryostome) of the nucleus, thin away till they reached the 
bottom of the latter, then suddenly contract, and evacuate their 
contents in the form of an opaque matter,which at first iscolour- 
less. After this evacuation, the pollen tube remains in the 
foramina of the ovule in the form of a thin, empty, bright tubu- 
lar thread; and the evacuated matter forthwith fashions itself 
into a bag, which eventually contains the embryo, which 
quickly increases in size, and has often at either end a ragged 
appearance, wrinkled on its surface, and darkened internally. 
It never loses its connection with the pollen tube. While the 
embryo bag is growing, an alteration takes place in the cel- 
lules of the nucleus; these are at first filled with polygonal 
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molecules, but the latter gradually become fluid, and vanish 
by absorption, till the cellules become completely clear and 
transparent. At this time, especially in the Spruce Fir, 
several embryo bags, generally from two to three, are dis- 
coverable; they consist of a loose cuticle surrounding a gela- 
tinous kernel, which consists of large oblong cells, filled with 
matter, and lying among certain delicate branching threads, 
which have drops of some fluid sticking to their sides. ‘The 
conjunction of the pollen tubes and the embryo bag continues 
for a long time after impregnation, in fact, until the embryo 
has acquired an oblong figure, and begins to grow lengthwise, 
becoming firm and nearly opaque. Soon after this all trace 
of the pollen tubes disappears.” 

It therefore appears, Ist, ‘That in Coniferze at least, a direct 
communication takes place between the pollen tubes and the 
nucleus; 2d, ‘That the pollen tubes not only touch the nucleus, 
but actually penetrate its substance to the very bottom (thus 
putting themselves in communication with the chalaza) ; 3d, 
That the origin of the embryo is owing to the discharge of the 
contents of the pollen tubes in the bottom of the nucleus ; and 
Ath, ‘That the embryo seems originally to grow at the expense 
of a peculiar matter contained in the cellular substance of 
the nucleus, which gradually becomes transparent as it is 
emptied by the absorption of the growing embryo. There 
are several other curious matters treated of in M. Corda’s 
paper, which is extremely well worth the attention of phy- 
slologists. 
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EXPLANATION OF THE PLATES. 


N. B. All the figures in the plates, of which the following is an explanation, 
are more or less magnified: the drawings from which they have been pre- 
pared are in all cases original, except where it is stated to the contrary. 


PLATE I. 


Fig. 1. A small portion of a section of the cellular tissue of the pith of Caly- 
canthus floridus, showing the pore-like spots upon the membrane. 

Fig. 2. A section of the leaf of Lilium candidum, after A. Brongniart; a, cu- 
ticle of the upper surface ; 6, ditto of the lower surface ; c, stomata cut through 
in different directions ; these last are seen to open into cavities in the paren- 
chyma; d, upper layer of parenchyma; e, intermediate ditto; f, lower ditto. 

Fig. 3. Cubical cellular tissue, passing gradually into prismatical, from the stem 
of the gourd, cut vertically; after Kieser. 

Fig. 4. Fibres forming arches in the endothecium of Linaria cymbalaria; after 
Purkinje. 

Fig. 5. Fusiform cellules in the wood of a young branch of Viscum album; 
after Kieser; a, common hexagonal cells of the pith, with grains of amydon 
sticking to their sides; 6, fusiform cellules, considered by Kieser to be pierced 
with holes; c, other cells of the same figure, with lines of dots spirally arranged 
on the membrane; d, others, in which the dots are run into lines; e, f, others, 
in which the cellules have all the appearance of short spiral vessels. Kieser 
considers these not as spiral vessels, but as cellules of a peculiar kind, replacing 
spiral vessels in the viscum. 

Fig. 6. A portion of the cuticle of Billbergia amzna, with the membrane torn 
on one side, showing that it does not tear with an even edge, but breaks into 
little teeth. 

Fig. 7, Muriform cellular tissue, forming the medullary processes of Platanus 
occidentalis. Each cellule contains particles of brownish matter of very 
irregular size and form. 

Fig. 8. a, Glandular hairs of the peduncle of Primula sinensis; 1, the glandular 
apex more highly magnified, with a particle of the viscid secretion of the species 
on its point; 2, the apex of another hair, showing that the end is open, a coni- 
cal piece of the viscid secretion lying in the orifice: 6, a hair of Dorstenia, 
showing the cellular base from which it arises, and that it consists of a single 
hollow conical curved cell. 

Fig. 9. A branched hair from the cilia of the leaf of a species of Verbascum. 

Fig. A. A simple coloured hair in Dichorizandra rufa. ; 

Fig. B. A hair with tumid articulations from the leaf of Gesneria tuberosa. 
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Fig. 10. a, Stellate hairs from the leaf of a species of Hibiscus ; 8, a scale of the 
calyx of Eleagnus argentea; c, a hair of Chrysophyllum Cainito. 

Fig. 11. Reticulated cellular tissue from the testa of Maurandya Barclayana. 

Fig. 12. Spiral oblong cellules lying among the parenchyma of the leaf of 
Oncidium altissimum. 

Fig. 13. Deep columnar cellules, with parallel fibres from the endothecium of 

‘Calla xthiopica; the top of each cell being flat; after Purkinje. 

Fig. 14. Arched fibres connected by a membrane in the endothecium of Nym- 
phea alba; after Purkinje. 

Fig. 15. Flatoval cellules, with marginal incisions, in the endothecium of Phlomis 
fruticosa; after Purkinje. 

Fig. 16. One of the elastic fibres upon the testa of Collomia linearis, unrolled 
spirally, and lying within its mucous sheath; magnified 500 times. 

Fig. 17. A part of one of the elaters of a Jungermannia, showing a broad spiral 
fibre loosely twisted inside a transparent tubular membrane, with a dilated 
thickened mouth, 

Fig. 18. Convex membranes, with lateral radiating fibres, forming together im- 
perfect cells; in the endothecium of Veronica perfoliata; after Purkinje. 

Fig. 19. Radiating fibres, in the place of cellules, in the endothecium of Polygala 
chamebuxus; after Purkinje. 

Fig. 20. Prismatical depressed cells, with straight fibres on the walls; from the 
endothecium of Polygala speciosa; after Purkinje. 


PLATE -II. 


Fig. 1. Common woody tissue ; a, slightly magnified; 6, very highly magnified, 
and shown as seen by transmitted light ; the extremities only are seen: ¢, cel- 
lular tissue. 

Fig. 2. Woody tissue from the leaf of Oncidium altissimum, from a preparation 
by Mr. Griffith. In this there are small tubercles growing from the surface of 
some of the fibres, irregularly, or arranged in a spiral direction ; a, is magnified 
180 times; at 6, which is magnified 350 times, the form of the tubercles is more 
distinctly shown; and it is seen that small granules are contained within 
the fibre. 

Fig. 3. The dotted ducts of Zamia horrida. The little oval spaces that have 
been supposed to be holes, are shown to be opaque ; most of them are oblique ; 
but some of them are exactly transverse, rounder, and have a distinct line 
passing through their longer axis. 

Fig. 4. Woody tissue from the stem of Calycanthus floridus: in this the sides 
of the tubes are marked with small oval dots, exactly as in Zamia. 

Fig. 5. A minute portion of a section of the wood of a species of Gnetum from 
Tavoy ; a, woody tissue, filled with loose and rather angular particles of greenish 
matter ; 6, glandular woody tissue, showing its large size in proportion to the 
other, and the appearance of its glands. 

Fig. 6. A vertical radiant section of the wood of yew, magnified 250 times; 
after Kieser ; showing what he calls the spiral porous cells. The spires vary 
from one to four in each cell; and the glands, when present, are always situated 
between the spires, as at a, b, e, and g. Some of the cellules have no glands, 
asc, d, f,h, i. The yew has true spiral vessels besides these. 

Fig. 7, A small portion of a vessel in the wood of an Ephedra from Chili, 
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taken from the vicinity of the medullary sheath: its membrane is distinctly 
perforated at the upper part with oval holes: at the lower part the place of 
these holes is occupied by glands like those of Gnetum, in fig. 5. ; or of Abies, 
in fig. 8. It would therefore seem, that the oval holes in the membrane of 
Ephedra are places from which the glands have fallen. Magnified 350 times. 

Fig. 8. A vertical radiant section of the wood of Pinus Abies, showing the 
glands upon the walls of woody tissue, magnified 520 times; after Kieser ; but 
corrected by showing that the glands are convex, and the supposed pores in 
their centre often opaque. 

Fig. 9. The termination of a spiral vessel, extracted from the root of a hyacinth, 
by Mr. Valentine: this shows distinctly the enveloping membrane. 

Fig. 10. A fragment of a spiral vessel, bent abruptly to show that it is cylindrical 
and not flat; magnified 500 times. 

Fig. 11. A spiral vessel, with each twist composed of four fibres, from the stem of 
Nepenthes distillatoria. This is the largest spiral vessel yet known. 

Fig. 12. A minute portion of a transverse section of an Indian tree, showing a 
medullary ray, a; the mouths of several bundles of ducts, 4 6 6; and the ends 
of the woody tissue, c c, d d, in which the latter are imbedded. The wood of 
this plant is exceedingly compact; evidently owing to the denseness and 
stoutness of the woody tissue. 

Fig. 13. Two vessels from the stem of Impatiens balsamina; magnified 130 times ; 
after Kieser ; a is a duct, with the spires broken in some places, and inoscu- 
lating in others, so as to form the reticulated vessel of this author; 6, a spiral 
vessel, with the spires broken at the top into rings. 

Fig. 14. A horizontal section of the stem of Tropezolum majus, magnified 
130 times; after Kieser. This is to show the intercellular passages, which are 
unusually large; at a they are empty ; at 0 filled. 

Fig. 15. A tangental section of Sassafras wood, magnified 180 times; after 
Kieser: a a, two banded dotted vessels; or, as Kieser calls them, punctuated 
spiral vessels; 5 4, the mouths of the medullary rays, showing how they are 
connected with the bark. 

Fig. 16. Dr. Bischoff’s representation of the manner in which spiral vessels pass 
successively into annular and dotted ducts. This figure is imaginary; but 
Bischoff asserts that he has actually seen, such a vessel in the garden 
spinage (Spinacia oleracea). 

Fig. 17. Two sorts of dotted vessels from the wood of Phaseolus vulgaris, mag- 
nified 130 times; after Kieser: a, has the bands much more nearly approx- 
imated than 6, in which the spaces between the bands is almost fusiform. 

Fig. 18. A bundle of ducts from the stem of a Lycopodium ; from a prepar- 
ation by Mr. Griffith: this shows the manner in which such vessels are packed 
together when in situ, and their terminations. 

Fig. 19. Vasiform and short woody tissue from the stem of Phytocrene 
gigantea; from a drawing by Mr. Griffith, in Wallich’s Plante Asiatice, 
t. 216. 

Fig. 20. The same, from the same authority, showing that this sort of vessel is 
really composed of short cylindrical cellules, placed end to end, and opening 
into each other. 

Fig. 21. A section of the cyst, or receptacle of oil in the rind of.a lemon, showing 
that it is a mere cavity built up of cellular tissue. 
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POUATE It. 


Fig. 1. A cluster of six-sided air-cells from the stem of Limnocharis Plumieri ; 
they are formed entirely of prismatical cells; a a, partitions dividing the air- 
cells in two. 

Fig. 2. A partition or diaphragm of the last-mentioned plant, showing the open 
passages that exist at the angles of the cells). When dry the rims of the 
passages are dark, as at a; when immersed in water, the dark rim disappears, 
and the whole partition has the uniform appearance of 6. 

Fig. 3. A portion of the cuticle, and a stoma, of the leaf of Oncidium altissimum ; 
a, the stoma, formed of two parallel glands or cells, which open by curving 
outwards. In this plant the stomata are very minute and few: on the mem- 
brane of each mesh of the cuticle are found sticking from four to six spherical 
semi-transparent green globules. 

Fig. 4. Stomata of Strobilanthes Sabiniana. They are very large, and crowded 
together in an irregular manner. 

Fig. 5. Ditto of Croton variegatum: this is an instance of a cuticle with sinuous 
lines. The orifice of each stoma is closed up with brownish matter. 

Fig. 6. A stoma of Canna iridiflora. 

Fig. 7. A cavity beneath the cuticle, in the parenchyma of Begonia sanguinea; 
seen from the inside, so that the cuticle is farthest from the eye. It is divided 
by sub-cylindrical cellules into five spaces, in each of which there lies a 
stoma. 

Fig. 8, One of the stomata of the same, more magnified, and showing that the 
medial line does not touch either end, and that the cavity of the stoma is filled 
with granular matter. 

Fig. 9. Stomata of the under side of the leaf of Caladium esculentum, with a 
portion of cuticle. These appear to be somewhat angular cellules, occupying 
the centre of every area of the cuticle. The stoma consists of an oval space, 
in the centre of which is a narrow cleft, with a border distinctly coloured 
orange or brownish, and having no communication with the circumference : 
the space between the cleft and the latter filled with a pale green granular 

substance. The cleft is sometimes seen closed, as at a, and then there is 
scarcely any appearance of a border. 

Fig. 10. Cuticle and stomata of Yucca gloriosa: the latter lie in square areole, 
and consist of two parallelograms lying parallel with each other. Small sphe- 
roidal bodies, having a luminous appearance under the microscope, stick here 
and there to the inside of the cuticle. 

Fig. 11. Stomata of Limnocharis Plumieri. These also lie in square areola, 
but they have the ordinary structure: they are found in different degrees of 
openness, or even quite closed, upon a small piece of the same specimen. 

Fig. 12. Stamen of Lemna trisulca: anther bursting vertically. 

Fig. 13. Stamen of Polygonum Convolvulus; a, seen in front; 6, from behind; 
c, the connectivum of the anther. 

Fig. 14. Stamen of Correa alba; a, seen in front; 6, from behind. 

Fig. 15. Stamen of Stachys sylvatica; a, filament; 6, connectivum; c, anther, 
its lobes separated at the base by the connectivum. 

Fig. 16. Anther of Alchemilla arvensis ; one-celled, and bursting transversely. 

Fig. 17. Stamen of Scrophularia chrysanthemifolia ; a, part of the filament, and 
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the anther, which is one-celled, after bursting ; 4, the same, before the dehi- 
scence of the anther. 

Fig. 18. Anther of Lamium album ; its lobes, as in fig. 16., separated at their 
base by the large connectivum. 

Fig. 19. Stamen of a species of Zygophyllum ; a, the anther ; 6, the filament ; 
c, the scale to which the filament adheres. 

Fig. 20. The one-celled anther and filament of Callitriche. 

Fig. 21. The stamen of Sparganium ramosum. 

Fig. 22. The stamen of Vaccinium amznum ; a, the pores by which the anther 
bursts. 

Fig. 23. The anther of Begonia Evansiana; a, the oblique immersed cells; 
6, the connectivum. 

Fig. 24. Anther of Cucumis sativa; a, seen from the front; 5, from behind ; 
c, the connectivum ; d, the sinuous lobes of the anther. 

Fig. 25. Stamen of Hermannia flammea; a, filament; }, scale to which the 
latter has grown. 

Fig. 26. Halved stamen of Synaphea dilatata, after Ferdinand Bauer ; a, fila- 
ment; 6, connectivum ; c, single lobe of the anther after bursting. 

Fig. 27. Stamen of Eupomatia laurina, after the same. 

Fig. 28. Stamen of Cephalotus follicularis, after the same; a, a granular con- 
nectivum. 

Fig. 29. Stamen of Pterospora Andromedea; a, an appendage of the anther. 

Fig. 30. Stamen of Securinega nitida; the cells opening transversely. 

Fig. 31. Stamen of Chloranthus monostachys; a, connectivum. 

Fig. 32. Stamen of Eriodendron Samaiima, after Von Martius ; anther sinuous 
and one-celled. 


PLATE IV. 


Figs. 1, 2, 3. Different views of the stamens and stigma of Stylidium violaceum, 
after Ferdinand Bauer ; a a, anthers; b, a column formed by the union of their 
filaments ; c, a cup-like disk, consisting of the flattened and united apices of 
the filaments ; d, the stigma, the style of which is united with the column of 
filaments through its whole length. Fig. 1. The anthers when burst, seen in 
front ; fig. 3. the same, from behind ; fig. 2. the anthers pushed aside so as to 
show the stigma. 

Fig. 4. Stamen of Rhynchanthera cordata, after Von Martius ; a, a minute mem- 
brane that separates the filament d from the elongated connectivum c; 4, the 
attenuated beak-like apex of the anther, opening by a single pore at the point. 

Fig. 5. Stamen of Lasiandra Maximiliana, after Von Martius; a, dilated bases 
of the two cells of the anther ; 6, pore at the apex, through which the pollen 
is discharged. 

Fig. 6. Stamen of Glossarrhen floribundus, after Von Martius; a, a dilated 
petaloid connectivum, to the face of which the lobes of the anther adhere : 
b, the filament. : 

Fig. 7. Stamen of Lacistema pubescens, after Von Martius; a, filament ; 
b, forked connectivum ; c c, separated lobes of the anther. 

Fig. 8. Stamen of Gomphrena leucocephala, after Von Martius ; a, broad dilated 
two-toothed filament, bearing a linear one-celled anther. 
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Fig. 9. Stamen of Humirium floribundum, after Von Martius ; a, a large tu- 
berculated petaloid connectivum. 

Fig. 10. Stamen of a species of Cryptocarya, from Chili, in which the anther 
opens, as in other Laurinez, by valves that roll back when they separate ; 
a, one lobe of the anther, with the valve not separated; 6, the other lobe, with 
the valve in the act of rolling back ; cc, abortive stamens under the form of 
glands. 

Fig. 11. Stamen of Berberis vulgaris, exhibiting the same phenomenon ; a, valve 
closed ; 4, valve separated and recurved. 


xy All the following figures of pollen are taken, with scarcely any alteration, 
from Purkinje, and are drawn to the same scale, so that their relative sizes 


are known. 

Fig. 12. Pollen of Stratiotes aloides. 
13. Calla zthiopica. 
14. Elymus sabulosus. 
15. Avena latifolia. 
16. Scirpus romanus. 
ry: Pancratium declinatum. 
18. Populus alba. 
19. Mirabilis Jalapa. 
20. Urtica dioica. 
21, Armeria fasciculata, 
22. Plumbago rosea. 
23. Cineraria maritima. 
24. Salvia interrupta. 
25. Stachytarpheta mutabilis. 
26. Polygala spinosa. 
27. Heracleum sibiricum. 
28. Acacia lophantha. 
29. Tresine diffusa. 
30. Fuchsia coccinea. 
$1. Scorzonera radiata. 


Fig. 32. Grains of pollen of Gesneria bulbosa emitting their tubes; magnified 
180 times. The tube is of extreme tenuity, and may be withdrawn from the 
stigmatic tissue with great facility. Masses of granular matter may be seen 
descending the tubes at irregular intervals. 

Fig. 33. A grain of pollen of the same plant, with its tube magnified 500 times: 
this shows that the tube is an extension of the outer membrane of the grain of 
pollen, if the latter was coated by more than one. The granular matter is 
seen passing down the tubes, and quitting the grain of pollen, which finally 
becomes a transparent empty vesicle. 

Fig. 34. Grain of pollen of Datura stramonium, emitting its tube ; after Bron- 
gniart; a, pollen-tube. 

Fig. 35. Grain of pollen of Ipomza hederacea, emitting its tube; after Bron- 
gniart; a, pollen-tube. 
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Fig. 36. Mode in which the pollen acts upon the stigma in C&nothera biennis: 
aa, pollen-tubes; 5 6, tissue of the stigma into which these tubes penetrate ; 
after Brongniart. 

Fig. 37. Mode in which the pollen acts upon the stigma in Antirrhinum majus ; 
after Brongniart: the pollen sticks to the surface of the stigma, and the tubes 
plunge down between the utricles of cellular tissue, of which the stigma 
consists. 

Fig. 38. A grain of pollen of the same plant with its tube, more highly mag- 
nified: a, the pollen-tube. 


PLATE V. 


Fig. 1. Vertical section of the ovarium of Dictamnus albus ; a, gynophorus, or 
elongated base of the ovarium; 6, base of the style; c, cavity where the car- 
pella have not united; d, cell; e, placenta, with ovula attached to it. 

Fig. 2. Transverse section of the same in a more advanced state, where the car- 
pella are beginning to separate: a a, carpella; b, an ovulum cut through; 
c, placenta. 

Fig. 3. Pistillum of Coriaria myrtifolia ; consisting of five carpella, each bearing 
a single linear stigma, and collected round a common elevated axis, the base of 
which is seen at a. 

Fig. 4. Ovarium of Lamium album; a, base of the style; , carpella pressed 
together into a square concave body ; c, fleshy lobed disk. 

Fig. 5. Pistillum of Pinguicula vulgaris; a, ovarium ; 8, style; c, stigma con- 
sisting of two very unequal lobes. 

Fig. 6. A vertical section of the same; a, the central free placenta; 4, ovula; 
c, point where the placenta is connected, before fertilisation, with the stig- 
matic tissue. 

Fig. 7. A perpendicular section of the pistillum of Vaccinium amcenum ; a, 
inferior ovarium combined with the tube of the calyx; 6, limb of the calyx; 
c, epigynous disk; d, placenta; e, ovula; f, style; g, stigma. 

Fig. 8. A transverse section of the ovarium of Hydrophyllum canadense, showing 
its remarkable placentation ; a, wall of the ovarium ; 4, left placenta; c, right 
placenta; e, one of their points of union, the other is seen on the opposite 
side; d, a fleshy secreting annular disk. In this case, two placente grow up 
face to face from the base of the ovarium, and gradually unite at their edges, e, 
enclosing the ovula within the cavity they thus form; this is proved by Ne- 
mophila, in which the placentation is the same, except that the placente are 
always distinct from each other; one of these placentz, the ovuliferous face 
turned towards the eye, is represented at fig. 8. 

Fig. 9. A perpendicular section of the inferior ovarium of Thamnea uniflora, 
after A. Brongniart; a, tube of the calyx ; 6, wall of the ovarium ; c, epigynous 
disk ; d, ovula collected round a columnar placenta. 

Fig. 10. Transverse section of the ovarium of Viola tricolor, showing its parietal 
placentation ; a, one of the three placentas. 

Fig. 11. Stigma of the same plant, which is inflated and hollow, with an orifice 
obliquely situated at its apex. 

Fig. 12. Bifid stigma of Chloanthes stcechadis, after Ferdinand Bauer. 

Fig. 13. Hairy apex of the style and stigma, with its indusium, of Brunonia 
australis, after Ferdinand Bauer ; a, stigma; 6, indusium. 
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Fig. 14. The same, divided perpendicularly ; a, stigma; 6, indusium, 

Fig. 15. Stigma of Banksia coccinea, with a part of the style, after Ferdinand 
Bauer. 

Fig. 16. The earliest state of the ovula of Cucumis anguria; this, and the 
succeeding figures, to 25 inclusive, are after Mirbel. 

Fig. 17. Three of these ovules in a more advanced state. 

Fig. 18. An ovulum at the period when the apex of the nucleus a is just appear- 
ing through the primine. The foramen has already become oblique with respect 
to the apex of the ovulum. 

Fig. 19. An ovulum of the same, at the period when the secundine is appearing 
through the foramen; a, nucleus; }, border of secundine ; the nucleus is now 
more oblique than before. 

Fig. 20. Anovulum of the same, at a subsequent period, but still long before the 
expansion of the flower ; the several parts are more developed; the nucleus, 
which at first was terminal, has now become lateral, and is evidently turning 
towards the base of the ovulum: a, nucleus; 6, border of secundine. 

Fig. 21. An ovulum of the same after fertilisation ; in the interval between this 
state and the last, the primine has grown over the secundine and nucleus; the 
apex of the latter has turned completely to the base of the ovulum; and the 
foramen is contracted into the little perforation at a. 

Fig. 22. Ovulum of Euphorbia lathyris, in a very young state, long before the 
expansion of the flower ; a, kind of cap projecting from the wall of the ovarium, 
and into which the apex of the nucleus b is inserted ; this hood finally closes 
over the foramen, into which it protrudes as the nucleus retreats; ¢, the 
primine ; the secundine is a similar cap included within the primine, 

Fig. 23. Very young ovulum of Ruta graveolens; a, the primine; 8, the se- 
cundine; c, the nucleus: in the end the primine extends, contracts at 
its foramen, and closes over the secundine and nucleus. 

Fig. 24. Vertical section of an ovulum of Alnus glutinosa; a, the umbilical 
cord; 6, foramen; c, primine (and secundine perhaps united with it) ; d, nu- 
cleus; e, vessels of the raphe ; f, place of the chalaza. 

Fig. 25. An oblique vertical section of the fertilised ovulum of Tulipa ges- 
neriana; a, foramen of the primine (or Exostome); 6, foramen of the 
secundine (or Endostome); c, primine; d, secundine; e, nucleus, its apex 
concealed within that of the secundine; f, vessels of the raphe; g, place of 
the chalaza. 

Fig. 26. Ovulum of Lepidium ruderale; after A. Brongniart: a, umbilical 
cord; 6, foramen; c, point of the nucleus seen through the primine and 
secundine. 

Fig. 27. Half-ripe seed of the same, cut through perpendicularly ; after Bron- 
gniart ; a, the umbilical cord ; 4, foramen ; c, primine; d, secundine; e, nu- 
cleus ; f; embryo partially formed, its radicle pointing to the foramen ; g, the 
point where the nourishing vessels of the placenta expand (the chalaza). 

Fig. 28. A perpendicular section of the ripe seed of the same, after A. Bron- 
gniart; the primine and secundine are consolidated ; and the nucleus is 
entirely absorbed by the embryo; a, umbilical cord: 6, foramen, now become 
the micropyle; g, chalaza; h, cotyledons of the embryo; i, radicle; & 
plumula. 

Fig. 29. Mode of fertilisation in Cucurbita Pepo, after Adolphe Brongniart ; 
a, a portion of the placenta; 6, ovulum; c, its foramen ; d, the bundle of stig- 
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matic tissue through which the fertilising matter is conveyed, and to which the 
foramen is closely applied ; e, the bundle of vessels that communicates with the 
umbilicus ; f, the commencement of the raphe. 


PLATE VI. 


Fig. |. A, Vertical section of the seed of Canna lutea; a, albumen; 6, embryo. 
—B, Embryo extracted and divided vertically ; a, cotyledon; 6, plumula con- 
cealed within the embryo; c, radicle, with internal rudiments of roots. 

Fig. 2. A, Vertical section of the seed of Myrica cerifera; a, cotyledons ; 
b, radicle ; c, plumula; d, remains of foramen; e, hilum. — B, Embryo, ex- 
tracted entire ; a, cotyledons; 6, radicle. 

Fig. 3. Vertical section of the seed of Luzula campestris; a, albumen; 
b, embryo. 

Fig. 4. Vertical section of the grain of Bromus mollis; a, albumen ; 6, embryo; 
c, its plumula; d, its cotyledon; e, its radicle, with internal rudiment of a 
root. 

Fig. 5. Vertical section of the seed of Rheum rhaponticum; a, albumen; 
b, embryo; c, hilum; d, remains of foramen. 

Fig. 6. A, Seed of Triglochin palustre; a, fungous chalaza; 6, raphe; c, 
hilum. — B, Embryo of the same; a, cotyledon; 6, radicle; c, fissure, 
within which the plumula lies. — C, The same halved vertically ; a, cotyledon ; 
b, radicle ; c, fissure; d, plumula. 

Fig. 7. A, Seed of a species of Begonia; a, hilum. — B, The dicotyledonous 
embryo. 

Fig. 8. Coiled up embryo of Basella rubra; a, radicle ; 6, cotyledons. 

Fig. 9. Vertical section of the seed of Mesembryanthemum crystallinum ; a, al- 
bumen ; 8, radicle of the embryo. 

Fig. 10. Anatomy of the grain, and germination of Scirpus supinus, after 
Richard. — A, A vertical section; a, albumen ; 4, embryo. — B, The embryo 
extracted, enlarged, and halved vertically; a, cotyledon; 6, radicle.—C, The 
seed germinating and halved; a, albumen ; 4, cotyledon ; c, plumula; d, young 
root; e, sheath of the latter. 

Fig. 11. A, Seed of Ribes rubrum ; a, chaleza; 6, raphe; c, hilum. — B, The 
same, halved vertically, showing the minute embryo, with two spreading coty- 
ledons lying at the base of the albumen; 4, section of the raphe; c, hilum ; 
d, albumen. 

Fig. 12. Embryo of a species of Mammillaria; the cotyledons very small. 

Fig. 13. Embryo of Geranium Robertianum ; a, radicle; 6, line of union of the 
two cotyledons; c, one of the plaits in the latter. 

Fig. 14, Section of the seed of Alisma Damasonium, after Mirbel ; a, cotyledon ; 
b, radicle ; c, plumula. 

Fig. 15. Part of the seed of Olyra latifolia, after Richard; a, albumen; 0, back 
cotyledon ; c, front ditto; d, radicle ; e, plumula. 

Tig. 16. Embryo of Ruppia maritima, after Richard ; a, plumula; 8, coty- 
ledon. 


Fig. 17. Vertical section of the seed of Pekea tuberculosa, after Richard ; 
a, radicle; 6, collet; c, cotyledons, 


Fig. 18. Embryo and ruminated albumen of Eupomatia laurina, after Ferdinand 
Bauer (a vertical section). 
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Fig. 19. Spiral twisted embryo of Cuscuta europea. 

Fig. 20. Half the embryo of a bean (Vicia Faba), after Mirbel; a, one of the 
cotyledons ; 6, plumula; c, radicle ; d, scar from which the other cotyledon has 
been cut. : 

Fig. 21. Germination of Lachenalia serotina; a, albumen; 4, cotyledon; c, 
plumula; d, radicle. 

Fig. 22. Germination of Calla zthiopica, after Mirbel ; a, exterior elongation of 
the cotyledon; 6, seed; c, front leaf of the plumula; d, radicle. 

Fig. 23. Germination of Allium Cepa; a, albumen; 5, embryo elongated be- 
yond the testa. 

Fig. 24. The same further advanced ; a, seed; 6, base of the cotyledons; c, 
radicle or young root; d, plumula. 

Fig. 25. Germination of Baptisia australis, after De Candolle ; aa, cotyledons. 

Fig. 26. Germination of Cercis Siliquastrum, after,De Candolle ; aa, cotyledons. 

Fig. 27. Thecz, or Sporangiola of Erysiphe adunca, after Greville, 

Fig. 28. Sporules of Phascum crassinervium, after Greville. 

Fig. 29. Asci, or Thece of Sphzria tubzformis, after Greville. 

Fig. 30. Thecz of various Lichens, after Von Martius. 


Snder. 


J. SUBSTANTIVES. 


AcHENIUM, 198. Arbustum, 55. 
Acicula, 129. Arcesthide, 204, 
Acinus, 190. 191. Aril, 189. 210, 
Acrosarcum, 203. Arista, 125, 126. 
Aculei, 52. Ascelli, 234. 
Additional membrane, 182. Asci, 229, 231. 234, 
Adductores, 226, Ascidium, 118. 
Adelphia, 146. Asimina, 200, 
Adnascens, 59. Asparagi, 54. 
Adnascentia, 65. Auleum, 139, 
Adnatum, 60. 65. Awn, 125. 
ZEstivation, 128. Axil, 56, 89. 
Aiguillons, 50. Axis, 52. 129, 
Air-cells, 32. —— ascending, 44, 
Akena, 178. 202. 

Akenium, 198. 2092. Bacca, 202, 203. 
Ala, 56. Baccaularius, 200. 
Ale, 141. Bacilli, 61, 
Alabastrus, 128. Balausta, 204, 
Albumen, 210. Bale, 126. 
Alburnum, 73. Barbs, 46. 
Amalthea, 200. Bark, 69. 
Ambitus, 382. Basigynium, 163. 
Amentum, 131. Bastrohren, 17. 
Amphanthium, 130. Beard, 125. 
Amphigastria, 228. Blade, 89. 
Amphisarca, 201. Blastéme, 212, 
Amphispermium, 194. Blastus, 215. 
Anabices, 63. Blatt, 89. 
Androceum, 145. Bourgeon, 56. 
Androphorum, 146. Bourrelet, 116. 
Annulus, 221. 226, 233. Bouton, 128. 
Anther, 145. 148. Boyau, 157, 
Anthesis, 128. Brachium, 401. 
Anthodium, 133. Bracts, 122, 
Anthophorum, 167. Brindilles, 54, 
Antrum, 203. Bristles, 46. 
Apex, 148. Buisson, 55. 
Apices, 145. Bulb, 57. 59. 
Apophysis, 227. Bulbilli, 61. 
Apothecia, 230. Bulbo-tuber, 63. 
Appendices, 65. Bulbus solidus, 60. 63. 
Appendix, 144, 

Arbor, 55. Cachrys, 204, 
Arbrisseau, 55. Cznobio, 200. 
Arbusculus, 55. Cztonium, 125. 
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Calamus, 64. 

Calathium, 133. 
Calathidium, 133. 

Calcar, 142. 

Calybio, 202. 

Calyculus, 124. 

Calyptra, 226. 

Calyx, 135. 

communis, 124. 
Cambium, 71. 

Canaux entrecellulaires, 30. 
Capillamentum, 147. 
Capillitium, 234. 
Capillus, 401. 

Capitulum, 132. 148. 
Capreolus, 117. 

Capsula, 148. 201. 
circumscissa, 201. 


tricocca, 200. 
Carcerulus, 200. 
Carina, 141. 
Carpadelium, 203. 
Carpella, 167. 
Carpophorum, 152. 
Caruncule, 209. 
Caryopsis, 200. 
Cataglesium, 204. 
Catkin, 131. 

Catulus, 131. 
Caudex, 86. 
ascendens, 53. 
intermedius, 53. 
repens, 66. 
Caudicula, 155. 
Cauliculi, 55. 
Cauliculus, 212. 
Caulis excurrens, 55. 
Cayeu, 59. 

Cellular tissue, 5. 
Cellule d’air, 32. 
Centimétre, 402. 
Cephalanthium, 133. 
Cephalodium, 230. 
Ceratium, 201. 

Cerio, 200. 

Cervix, 66. 
Cicatricula, 90. 
Ciliz, 46. 
Circumscription, 104. 382. 
Cirrhus, 117. 
Cistella, 230. 

Chaff of the receptacle, 124, 
Chalaza, 181, 210. 
Chalumeau, 64. | 
Chaton, 131. 
Clavicula, 117. 

Claw, 140. 
Clinanthium, 130. 
Clinium, 176. 


siliquiformis, 177. 201. 


INDEX. 


Cloves, 59. 
Coarcture, 53. 
Coleophyllum, 214. 
Coleoptilum, 214. 
Coleorhiza, 214. 
Collare, 116. 

Collet, 212. 

Colour, 403. 

Colum, 164. 
Columella, 188. 226. 
Columna, 148. 
Coma, 54. 124. 
Conceptacles, 221. 
Conceptaculum, 201. 
Conidia, 230. 
Coniocysta, 233. 
Coniothece, 148. 
Connectivum, 148. 150. 
Conus, 204. 
Corculum, 211. 
Corolla, 139. 
Corollula, 142. 
Cormus, 62. 

Cornua, 144. 
Corona, 143. 
staminea, 144. 
Corpuscula vermiformia, 29. 
Cortex, 98. 

Cortina, 233. 
Corymbus, 132. 
Costa, 105. 
Cotyledons, 90, 212. 
Coussinet, 116. 
Creeping stem, 63. 
Cremocarpium, 2093. 
Crenels, 114. 

Crusta, 231. 

Crypta, 32. 

Cubit, 401. 

Culmus, 53. 64. 
Cupula, 124. 
Cuticle, 36. 

Cyma, 134. 
Cynarrhodum, 200. 
Cyphelle, 231. 
Cypsela, 202. 
Cystidium, 198. 
Cystulz, 228. 230. 


Decimétre, 402. 
Dehiscence, 188. 
Diachyma, 98. 
Diclesium, 203. 
Dieresilis, 200. r 
Diploe, 98. 
Diplotegia, 203. 
Disk, 161. 
Daissepiments, 172, 
Dodrans, 401. 
Down, 45. 


Dragon, 65. 
Drupa, 199. 
Ducts, 27. 


Ductus intercellulares, 30. 


Duramen, 73. 


Elateres, 228. 
Elaterium, 200. 
Elementary organs, 1. 
fibre, 3.) 


Ell, 401. 
Elytriculi, 128. 
Embryo, 211. 
Embryotega, 210. 
Endocarpium, 187. 
Endopleura, 206. 
Endoptiles, 216. 
Endorhizz, 214. 
Endosmose, 332. 
Endospermium, 211. 
Endostome, 179. 
Endothecium, 151. 
Epicarp, 187. 
Epiblastus, 215. 
Episperme, 206. 
Erythrostomum, 200. 
Estivation, 410. 
Etzrio, 200. 
Excipulus, 231. 
Exoptiles, 216. 
Exorhizz, 214. 
Exosmose, 332, 
Exostome, 179. 
Exothecium, 148. 


Fasciculus, 131. 
Fasergefadsse, 17. 
Fausses trachées, 27. 
Faux, 140. 

Fibrillw, 86. 231. 
Filament, 145. 147. 
Fistule spirales, 22. 
Fixed embryo, 57. 
Flagella, 54. 
Flagellum, 65. 
Flocci, 234. 

Flower, 127. 
Folliculus, 199. 
Foot, 401. 

Foramen, 179. 
Fornix, 144. 
Fovilla, 158. 

Frond, 220. 
Fructus inferus, 187. 
superus, 187. 
Fruit, 185. 

Frutex, 55. 
Fruticulus, 55. 
Fulcra, 117. 


INDEX. 


Fundus plante, 53. 


Funiculus umbilicalis, 164. 


Galbulus, 204. 

Galea, 140. 

Gemma, 56. 

Gemmula, 212. 
Geniculum, 53. 

Gills, 233. 

Glands, 49. 

Glandes a godet, 51. 
cellulaires, 51. 
-~-~~- vasculaires, 51. 
——-—-— corticales, 39. 
——— lenticulaires, 51. 
— — miliaires, 39. 


— 


vesiculaires, 32. 
Glandule cutanezx, 39. 
hypogyne, 161. 
impress, 32. 
lenticulares, 44, 
Squamose, 221. 
urceolares, 51. 
utriculares, 51. 
Glandular hairs, 46. 
Glans, 202. 

Globules, 232. 

Globuli, 230. 

Globuline, 8. 

Globulus, 230. 

Glochis, 46. 

Glomeruli, 230. 
Glomerulus, 133. 
Glomus, 133. 

Gluma, 125, 

Glumella, 126. 
Glumellula, 126. 
Gongyli, 231, 232. 
Gonophorum, 167. 
Gousse, 199. 

Grands pores, 39. 
Granula, 151. 232. 
Grappe, 130. 
Grossification, 164. 
Gynzxceum, 162. 
Gynobasis, 167. 
Gynophore, 163. 
Gynostemium, 148. 
Gyroma, 221. 230. 
Gyrus, 221. 


Hairiness, 45. 
Hairs, 45. 

» lymphatic, 48, 
Hami, 46. 
Heart-wood, 73. 
Helmet, 140. 
Hemigyrus, 199. 
Hesperidium, 202. 
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epidermoidales, 39. 
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Hilofére, 206. 
Hilum, 209. 
Hirsuties, 45. 
Hooks, 46. 

Horns, 144. 
Hybernaculum, 57. 
Hymeniunm, 233. 
Hypanthodium, 130. 
Hypha, 232. 
Hypoblastus, 215. 
Hypophyllium, 117. 
Hypothecium, 230. 


Inch, 401. 

Indusium, 165. 221. 
Induviz, 90. 
Inflorescence, 129. 
Innovations, 54. 
Intercellular passages, 30. 
Internodium, 53. 
Involucellum, 124. 
Involucrum, 124. 

Iulus, 131. 


Jet, 65. 
Juba, 133. 
Juga, 115. 


Kee], 141. 


Labellum, 140. 
Lacinula, 142. 
Lacuna, 32. 231. 
Lamella, 143. 233. 
Lamina, 89. 104. 140. 
proligera, 231. 
Languette, 116. 

Laub, 89. 

Layering, 65. 

Leaf, 89. 

Leaf-buds, 56. 

Lecus, 62. 

Legumen, 199. 


lomentaceum, 199. 


Lenticelles, 51. 
Lenticular glands, 51. 
Lepals, 161. 
Lepicena, 125. 

Lepis, 49. 

Lepisma. 161. 

Liber, 69. 

Lignez fistule, 17. 
Ligula, 116. 122. 144. 
Limbus, 104. 140. 
Limes communis, 53. 
Line, 401. 

Linea, 401. 

Lip, 140. 

Liquor amnios, 184. 


INDEX. 


Lirella, 230. 
Loculi, 148. 
Locusta, 125. 
Lodicula, 126. 
Lomentum, 199. 
Lorica, 206. 
Lorulum, 231. 
Luftbehalter, 32. 
Lympheeducts, 27. 


Mace, 190. 
Malleolus, 65. 
Meatus intercellulares, 30. 
Medulla seminis, 211. 
Medullary rays, 71. 
——— sheath, 72. 
Melonidium, 203. 
Membranula, 221. 
Merithallus, 53. 
Mesophyllum, 98. 
Metre, 402. 
Microbasis, 200. 
Micropyle, 209. 
Milk-vessels, 32. 
Millimétre, 402. 
Muscarium, 132. 
Mycelia, 234. 


Nail, 401. 

Nauca, 209. 

Neck, 212. 
Nectarilyma, 144. 
Nectarium, 143. 
Nectarostigma, 144. 
Nectarotheca, 142, 
Nees’s speculations, 324. 
Nerves, 105, 
Node, 53. 

vital, 53. 
Nucamentum, 131. 
Nucelle, 179. 


Nucleus, 59. 179. 231. 234. 


proligerus, 231. 
Nucula, 202. 232. 
Nuculanium, 202. 
Nux, 198. 

baccata, 204. 


Ochrea, 122. 
Oeffnungen, 39. 
Offsett, 66. 
Omphalodium, 209. 
Operculum, 118. 226. 
Oplarium, 230. 
Orbilla, 230. 
Orbiculus, 143. 234. 
Orgya, 401. 
Ostiolum, 234. 
Outline, 382. 


Outre, 118. 
Ovarium, 162. 
Ovula, 167. 


Pagina, 105. 
Paillette, 124. 
Palate, 140. 
Palez, 124. 
Paleolz, 126. 
Palm, 401. 
Panicle, 133. 
Papille, 51. 
Pappus, 137. 
Papule, 51, 
Paracorolla, 144. 
Parapetalum, 144. 
Paraphyllia, 120. 
Paraphyses, 144. 226. 
Parastades, 144. 
Parastemon, 144. 
Parenchyma, 12. 
Parties élémentaires, 1. 
similaires, 1. 
Patellula, 230. 
Pecten, 234, 
Pedicel, 129. 
Pediculus, 147. 
Pedunculus, 129. 
Pelta, 230. 
Pentakenium, 203. 
Pepo, 203. 
Peponida, 203. 
Perapetalum, 144. 
Peraphyllum, 139. 
Perianthium, 125. 
Pericarpium, 187. 
Pericladium, 116. 
Periclinium, 124. 
Peridiola, 232. 
Peridium, 234. 
Peridroma, 220. 
Perigonium, 126. 
Perigynandra communis, 124. 
interior, 139. 
Perigynium, 126. 161. 
Periphoranthium, 124. 
Perisperm, 204, 211. 
Perisporum, 127. 
Peristachyum, 125. 
Peristomium, 226. 
Perithecium, 230. 234. 
Pes, 401. 
Petals, 139. 
Petiole, 89. 115. 
Petiolule, 115. 
Petits tubes, 17. 
Phycomater, 232. 
Phycostemones, 161. 
Phyllodia, 117. 


INDEX. 


Phyllum, 136. 
Pileus, 238. 
Pili capitati, 46. 
Malpighiacei, 48. 
—— pseudo-Malpighiacei, 48. 
subulati, 46. 
Pilidium, 230. 
Pilosity, 45. 
Pilula, 204. 
Pistillidia, 226. 
Pistillum, 162. 
Pith, 68. 
Placenta, 164. 
Plateau, 62. 
Plopocarpium, 199. 
Ploranthium, 130. 
Plumule, 212. 
Podetia, 230. 
Podogynium, 163. 
Podospermium, 164. 
Poils en goupillon, 47. 
navette, 48. 
fausse navette, 48. 
Poingon, 132. 
Polakenium, 203. 
Polexostylus, 200. 
Pollen, 151. 
cells, 153. 
Pollex, 401. 
Polychorion, 200. 
Polysecus, 200. 
Pomum, 203. 
Pores of the epidermis, 39. 
—— corticaux, 39. 
allongés, 33. 39. 
évaporatoires, 39. 
Prefloration, 410. 
Prickles, 52. 
Primine, 179. 
Propaculum, 66. 
Propagines, 61. 
Propago, 65. 
Propagula, 230. 
Prosenchyma, 12. 
Prosphyses, 226. 
Pseudobulb, 66. 
Pseudohymenium, 232. 
Pseudoperidium, 232. 
Pseudoperithecium, 232. 
Pterdium, 201. 
Pterodium, 201. 
Pubescence, 45. 
Pulvinuli, 231. 
Pulvinus, 116. 
Punctuation, 453. 
Putamen, 187. 
Pyrenarium, 203. 
Pyridium, 203. 
Pyxidium, 201. 
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Quartine, 182. Scurfiness, 48. 
Quintine, 182. Scutella, 229. 
Scutellum, 215. 230. 
Raceme, 130. ; Scutum, 144. 
Rachis, 129. 220. Scyphus, 143. 
Radicle, 212. Scypha, 230. 
Radiculae, 86. Secondine, 179. 
Radiculoda, 215. Secundine interne, 211. 
Ramastra, 116. Seeds, naked, 218, 
Rameau, 55. Sepals, 136. 
Ramenta, 48. 49. Septa, 172. 
Ramilles, 54. 55. Septum, 172. 
Raphe, 180. 210. Sertulum, 133. 
Raphides, 34. Seta,126. 226. 
Receptacle, 130. 176. Setz, 46. 50. 
Receptacles of secretion, 31. Sheath, 116. 
of oil, 32. Shields, 229, 

Receptacula succi, 31. Silicula, 201. 
Regma, 200. Siliqua, 201. 
Reliquiz, 90. Silver grain, 71. 
Réservoir d’air, 32. Similary parts, 1. 
Réservoirs accidentels, 32. Small span, 401. 

— en cecum, 32. Soboles, 63. 65. 
~_ vésiculaires, 32. Solubility, 189. 

— du suc propre, 32. Soredia, 230. 


Reticulum, 121. 
Rhizina, 86. 
Rhizoma, 66. 212. 
Rhizula, 86. 
Rictus, 140. 
Rootstock, 66. 
Root, 85. 
Rostella, 46. 
Rostellum, 212. 
Rostrum, 144. 
Runner, 65. 
Rupturing, 189. 


Sac of the embryo, 182. 


Sacchus, 143, 
Sacellus, 204. 


Sori, 221. 

Sorosis, 204. 
Souche, 62. 
Sous-arbrisseau, 55. 
Spadix, 132. 

Span, 401. 

Spatha, 125. 
Spathella, 126. 
Spermaphorum, 164. 


Spermatocystidium, 148, 225. 


Spermidium, 198. 
Spermodermis, 206. 
Spherula, 209, 
Spherulo, 234. 
Sphalerocarpum, 204. 
Spicula, 125. 


Saftrohren, 2S. Spike, 130. 
Samara, 201. Spilus, 209. 
Sap-vessels, 27. Spines, 57. 


Sarcobasis, 200. 
Sarcocarpium, 187. 
Sarcodermis, 208. 
Sarcoma, 161. 
Sarmentum, 65. 
Sartilles, 61. 
Scabrities, 51. 
Scale, 124. 

Scape, 129. 212. 
Scapellus, 212. 
Scaphium, 141, 
Schraubengefasse, 22. 
Scion, 55. 
Scleranthum, 204, 
Scobina, 129. 


Spiral vessels, 22. 
Spiral arrangement, 91. 
Spiralgefdsse, 22, 
Spithama, 400. 
Spongiole seminales, 50. 
Spongiole, 86. 
Sporangiola, 234. 
Sporangium, 221, 234. 
Sporidia, 234. 
Sporidiola, 234. 
Sporocarpium, 228. 
Sporule, 226. 234. 
Squama, 124. 
Squamelles, 124. 
Squamule, 126. 


Staining, 300. 
Stalk, 89. 
Stamens, 144. 
Standard, 141. 
Stem, 53. 
Stephanoum, 202. 
Sterigmum, 200. 
Stigma, 165. 
Stimuli, 46. 
Stings, 46. 

Stipes, 53. 220. 233. 
Stipulz, 120. 
Stole, 65. 

Stolo, 65. 
Stomata, 39. 
Stool, 65. 
Stragulum, 126. 
Striga, 49. 
Strobilus, 204. 
Stroma, 254. 
Strophiolz, 209. 
Struma, 116. 227. 
Style, 164. 
Stylopodium, 162. 
Stylotegium, 143. 
Sucker, 65. 
Suffrutex, 55. 
Surculus, 65. 
Surgeon, 65. 
Syconus, 204. 
Synarrhodum, 200. 
Syncarpium, 200. 
Synochorion, 200, 


Talare, 141. 
Tegmen, 125. 
Tegmenta, 59. 61. 
Tendril, 117. 
Tercine, 182. 
Testa, 206. 
Testiculus, 148. 
Testis, 148. 


Thalamus, 130. 176, 234. 


Thallus, 227. 
Theca, 148. 
Thece, 148. 234. 
Thecaphore, 163. 
Thecidium, 198. 
Throat, 140. 
Thyrsula, 134. 
Thyrsus, 133. 
Tigelle, 212. 


Tissu cellulaire allongé, 17. 
ligneux, 17. 


organique, 1. 
Toise, 401. 
Tomentum, 46. 
Torus, 176. 
Trachee, 22. 
Trica, 230. 
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Trichidium, 234. 
Tronc, 55. 
Trophopollen, 148. 


Trophospe 


rmium, 164, 


Truncus, 53. 


ascendens, 53. 


Tryma, 202. 

Tube, 140. 164. 

Tuber, 63. 

Tuberculum, 63. 230. 
Tubes corpusculiféres, 15. 


— por 


eux, 15. 


Tumid excrescences, 298. 
Tunica externa, 206. 


Turio, 54. 


interna, 206. 


Turpentine vessels, 32. 
Tympanum, 226. . 


Ulna, 401. 
Umbel, 132. 


Umbilical 


cord, 164. 


Umbilicus, 209. 


Unci, 46. 


Uncia, 401. 
Undershrub, 55. 
Unguis, 140. 401. 


Urceolus, 
Uredo, 29 
Utriculus, 


Vaisseaux 


Vaginelle 


126. 
9. 
151. 198. 


en chapelet, 15. 29. 
étranglés, 29, 
lymphatiques, 27. 
pneumatiques, 27. 
propres, 31. 
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propres fasciculaires, 17. 
Vagina, 116. 
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Valves, 148. 188. 
Valvulz, 126. 
Vasa fibrosa, 17. 


propria, 31. 
spiralia, 22. 


Vascular tissue, 21. 
Vasculum, 118. 


Vegetable 


tissue, 1. 


Veins, 105. 
Velvet, 46. 
Velum, 233. 
Velumen, 46. 


Vernation, 


105. 


Verruce, 50. 
Verticillaster, 134. 
Verticillus, 90. 
Vesicula, 117. 232. 
amnios, 182. 


Vessels of 
Vexillum, 


latex, 31. 103. 
pee 5 


Villosity, 46. 
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Vimen, 54. 
Vine, 66. 
Virgultum, 55. 
Vital vessels, 31. 
Vitellus, 209. 
Viticula, 66. 
Vittz, 32. 
Volva, 233. 


ABNORMAL, 382. 


Abrupté pinnatus, 391. 


Accisus, 387. 
Accretus, 417. 
Acerosus, 383. 
Acetabuleus, 380. 
Aciculated, 395. 
Acinaciformis, 376. 
Accumbent, 218. 
Aculeatus, 395. 
Acuminatus, 386. 
Acuminose, 386. 
Acute, 386. 
Adhering, 417. 
Adnate, 150. 417. 
Adventitious, 57. 
Adversus, 415. 
fEqualis, 385. 
fEqualivenium, 108. 
AEquilaterus, 385. 
fEruginosus, 406. 
Aggregatus, 420, 
Alaris, 417. 
Alatus, 378. 
Albescens, 404. 
Albidus, 404. 
Albus, 404. 
Alsinaceous, 141. 


Alternately pinnate, 391. 


Alternative, 412. 
Alternus, 419. 
Alutaceus, 399. 406. 
Alveolatus, 394. 
Amphigenus, 418. 


Amphitropal, 218. 416. 


Amplexicaulis, 416. 
Amplectans, 416. 
Anastomosing, 394. 
Anatrapous, 180. 
Anceps, 376. 
Anfractuosus, 414. 
Angular, 376, 388. 
Anisodynamous, 216. 
Anisobrious, 216. 
Anisos, 401. 


Anisostemonous, 401. | 


Annexus, 417. 
Annotinus, 403. 
Annulatus, 395. 
Anthracinus, 405. 
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Vrille, 117. 
Warts, 50. 
Whorl, 90. 
Wings, 141. 


Xylodium, 198. 


ADJECTIVES. 


Anticus, 150. 415. 
Antitropal, 218. 416. 
Apiculatus, 386. 
Apocarpus, 168. 
Arachnoid, 46, 397. 
Arcuatus, 375. 
Areolate, 395. 
Argenteus, 404. 
Argo, 404. 
Aristatus, 386. 
Armeniacus, 406. 
Arrectus, 412. 
Arrow-headed, 384. 
Articulatus, 393. 417. 
Artiphyllous, 54. 
Ascending, 413. 
Asper, 46. 396. 
Aspergilliformis, 393. 
Assurgens, 413. 
Ater, 404. 

Atratus, 405. 
Atrovirens, 406. 
Attenuatus, 385. 
Aurantiacus, 406. 
Aurantius, 406. 
Auratus, 405. 
Aureus, 405. 
Auriculatus, 384. 
Autocarpien, 187. 
Avenium, 108. 
Awl-shaped, 383. 
Awned, 386. 
Axe-shaped, 376. 
Axillary, 89. 417. 
Azureus, 407. 


Baccatus, 400. 
Badius, 405. 
Banded, 408. 
Band-shaped, 382. 
Barbatus, 46. 397. 
Basal, 417. 
Basilaris, 417. 
Basinervia, 110. 
Beaked, 377. 386. 
Bearded, 46. 397. 
Bell-shaped, 379. 
Bellying, 382. 
Berried, 400. 
Biconjugatus, 392. 


Biconjugato-pinnatus, 391. 


Bidentate, 388. 
Bidigitato-pinnatus, 391. 
Biduus, 403. 
Bifarius, 419. 
Biferus, 402. 
Bifidus, 389. 
Bifoliolate, 391. 
Bigeminate, 392. 
Bijugus, 115. 
Bilobus, 389. 
Bimestris, 403. 
Binate, 391. 
Bipartitus, 389. 
Bipinnate, 392. 
Biserrate, 388. 
Biternate, 392. 
Bitten, 387. 
Bladdery, 381. 
Blotched, 408. 
Blunt, 386. 38. 
Blurred, 409. 
Boat-shaped, 377. 
Bony, 399. 
Bordered, 408. 
Bossed, 375. 
Botuliformis, 381. 
Brachialis, 401. 
Brachiate, 55. 415. 
Branched, 392. 
Bristle-pointed, 386. 
Bristly, 395. 
Brunneus, 405. 
Brush-shaped, 380. 393. 
Buckler-shaped, 375. 
Butterfly-shaped, 141. 
Byssaceous, 393. 


Caducous, 403. 
Cespitose, 419. 
Calcareus, 404. 
Campaniformis, 379. 
Campanaceus, 379. 
Campanulatus, 140. 379. 
Campulitropous, 180. 
Canaliculatus, 377. 
Cancellate, 394. 
Candidus, 404. 
Canescens, 404. 
Canus, 404. 
Capillaris, 377. 401. 
Capitatus, 387. 
Carinatus, 376. 
Carneus, 407. 
Carnosus, 399. 
Cartilaginous, 399. 
Caryophyllaceous, 141. 
Cassideous, 141. 
Catapetalous, 140. 
Caudatus, 386. 
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Caulinus, 417. 
Caulocarpous, 402. 
Cellular, 15. 
Ceraceus, 399. 
Cereus, 399. 
Cerinus, 406. 
Cernuous, 414. 
Cervinus, 406. 
Chaffy, 397. 
Chalk-white, 404. 
Channelled, 377. 
Chartaceus, 398. 
Chloro, 406. 
Chryso, 405. 
Cicatrisatus, 395. 
Ciliated, 46. 397. 
Cineraceus, 404. 
Cinereus, 404. 
Cinnabarinus, 407. 
Cinnamomeus, 405. 
Circinate, 412. 414. 
Cirrhous, 386. 
Citreus, 405. 
Citrinus, 405. 
Clavate, 374. 
Claviformis, 374. 
Clouded, 408. 
Club-shaped, 374. 
Clustered, 420. 
Clypeatus, 375. 
Coacervatus, 420. 
Coadnatus, 417. 
Coalitus, 417. 
Coated, 399. 
Cobwebbed, 397. 
Cochlearis, 412. 
Cochleate, 374. 
Coccineus, 407. 
Coeruleus, 407. 
Ceesious, 398. 407. 
Cohering, 417. 
Comb-shaped, 390. 


Combinaté venosus, 409, 


Compositus, 390. 419. 
Compound, 104. 390. 
Compound (leaf ), 419. 
Compressed, 375. 
Conduplicate, 411. 
Confertus, 419. 
Confluens, 417. 
Conglomeratus, 420. 
Conical, 373. 
Conjugatus, 391, 392. 
Connate, 97. 416, 417. 
Connivens, 415. 
Conoidal, 373. 
Continuus, 421. 
Contortus, 412. 


Convergenti-nervosus, 109. 


Converginervis, 409. 
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Converging, 415. 
Convolute, 411. 413. 
Coracinus, 405. 
Cordatus, 384. 
Cordiformis, 384. 
Coriaceus, 399. 
Corky, 399. 
Corneus, 399. 
Corniculatus, 377. 
Cornutus, 377. 
Corollaris, 118. 
Coronans, 417. 
Corrugatus, 411. 
Corticatus, 399. 
Corymbose, 132. 
Costatus, 110. 409. 
Cotyliform, 380. 
Crassus, 399. 
Crateriformis, 380, 
Cream colour, 404. 
Crenated, 388. 
Crenelled, 114. 
Crescent-shaped, 384. 
Crested, 377. 
Cretaceus, 404. 
Crinitus, 397. 
Crispus, 388. 
Cristatus, 377. 
Croceus, 406. 
Crowded, 419. 
Cruciate, 14]. 
Crustaceous, 399. 
Cubical, 374. 
Cubitalis, 401. 
Cucullatus, 381. 
Cunearius, 383. 
Cuneatus, 383. 
Cuneiformis, 383. 
Cupola-shaped, 379. 
Cupreus, 407. 
Cup-shaped, 379. 
Cupuliformis, 379. 
Curvative, 411. 
Curve-ribbed, 409. 
Curved, 375. 
Curve-veined, 109. 
Curvinervis, 409. 
Curvinervium, 109. 
Curvivenium, 109. 
Cushioned, 375. 
Cuspidate, 386. 
Cut, 389. 
Cyaneus, 406. 
Cyano, 406. 
Cyathiformis, 379. 
Cyclical, 217. 
Cylindrical, 373. 
Cymbiformis, 376. 


Dedaleous, 387. 
Dealbatus, 398. 404. 
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Decandrous, 147. 
Deciduous, 403. 
Declinate, 147. 413, 414. 
Decompound, 390. 
Decreasingly pinnate, 391. 
Decumbens, 415. 
Decurrent, 97. 416. 
Decursively pinnate, 391. 
Decursivus, 416. 
Decussatus, 420. 
Deflexus, 414. 
Deliquescens, 393. 

— (caulis), 55. 
Deliquescent (panicle), 133. 
Deltoid, 384, 

Demersus, 413. 
Dendroides, 393. 
Dentatus, 388. 
Denudatus, 398. 
Depauperatus, 420. 
Dependens, 413. 
Depressed, 375. 400. 
Descending, 413. 
Determinatus (caulis), 56. 
Dewy, 398. 
Diadelphous, 146. 
Diandrous, 147. 
Dichotomous, 393. 
Didynamous, 147. 
Didymus, 393. 

Diffuse, 415. 
Digitato-pinnate, 391. 
Digitaliformis, 380, 
Digitatus, 389. 
Digitinervius, 110. 
Dimidiate, 226. 378. 
Dipterus, 385. 

Directé venosus, 110. 409. 
Disappearing, 398. 
Discoidal, 375. 408. 
Distans, 421. 

Distichous, 419. 
Distinctus, 117. 
Distractile, 149. 
Diurnus, 403. 
Divaricating, 415. 
Dodecandrous, 147. 
Dodrantalis, 401. 
Dolabriformis, 376. 
Dorsal, 417. 

Dotted, 395. 408. 
Double-bearing, 402. 
Downy, 396. 

Drooping, 414. 
Dumosus, 55. 
Duplicato-dentate, 388. 
-pinnate, 392. 
-serrate, 388. 
Duplicatus, 42]. 

Duplo, 401. 

Dusty, $98. 


Dwarf, 400. 


Eared, 384. 
Eborinus, 404. 
Eburneus, 404. 
Echinatus, 395. 
Edged, 408. 
Egg-shaped, 383. 
Elaio, 406. 

Elatus, 400. 
Ellipsoidal, 375. 
Ellipticus, 383. 
Emarginate, 387. 
Embracing, 416. 
Endophyllous, 214, 
Endogenous, 81. 
Enervis, 410. 
Enneandrous, 147. 
Ensiformis, 383. 
Entangled, 421. 
Entire, 387. 
Ephemerus, 403. 
Epigeus, 418. 
Epigynous, 146. 418. 
Epiphyllus, 417. 
Epipterus, 378. 
Equal, 142. 385. 
Equal-veined, 108. 
Equatus, 395. 
Equitant, 412. 
Equally pinnate, 391. 
Equal-sided, 384. 
Erect, 412. 
Erosus, 388. 
Erythro, 407. 


Evanescenté venosus, 409. 


Even, 395. 

Exaltatus, 400. 
Exasperatus, 396. 
Excurrens (caulis), 133. 
Excurrent, 393. 
Exiguus, 400. 
Exogenous, 67. 
Exophyllous, 214. 
Extrersus, 150. 415. 


Fading, 403. 
Falcate, 376. 
Falsely-ribbed, 110. 
Falsinervis, 410. 
Fan-shaped, 378. 
Farinaceus, 400. 
Farinosus, 397. 
Fasciarius, 382. 
Fasciatus, 408. 420. 
Fasciculated, 87. 419. 
Fastigiate, 420. 
Favosus, 394. 
Feather-veined, 110. 
Feathery, 397. 
Ferrugineous, 405. 
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Fibrous, 399. 
Fiddle-shaped, 384. 
Filiformis, 377. 
Fimbriatus, 397. 
Fingered, 389. 
Fissus, 389. 
Fistulous, 373. 
Flabelliformis, 378. 
Flagelliformis, 377. 
Flammeus, 407. 
Flavidus, 405. 
Flavescens, 405. 
Flavovirens, 406. 
Flavus, 405. 
Fleshy, 399. 
Flexuosus, 414. 
Floating, 412. 
Floralis, 417. 
Floccose, 396. 
Fluitans, 412. 
Foliaceus, 124. 178. 
Foliaris, 118. 417. 
Foliiformis, 378. 
Forked, 393. 
Foxglove-shaped, 381. 
Fringed, 397. 
Frosted, 398. 
Fugacious, 403. 
Fuligineus, 405. 
Fuliginosus, 405. 
Fulvus, 406. 
Fumeus, 404. 
Fumosus, 404. 
Funalis, 377. 
Fungilliformis, 381. 
Fungiformis, 381. 
Funiliformis, 377. 
Funnel-shaped, 379. 
Furcatus, 393. 
Furrowed, 395. 
Fuscus, 405. 
Fusiform, 87. 375. 
Fusinus, 375. 


Galacto, 404. 
Gamopetalous, 140. 
Gamosepalous, 138. 
Ganglioneous, 47. 
Gelatinous, 399. 
Geminatus, 421. 
Geniculate, 414. 
Gibbosus, 375. 
Gibbous, 375. 
Giganteus, 400. 
Gigantic, 400. 
Gilvus, 406. 
Githagineus, 407. 
Glaber, 398. 
Gladiatus, 383. 
Glandaceus, 405. 
Glandular, 396. 
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Glaucous, 398. 
Glaucus, 406. 
Glaucescens, 406. 
Glittering, 398. 
Globose, 373. 
Globulosus, 373. 
Glochidatus, 46. 
Glutinosus, 398. 
Gnawed, 388. 
Goblet-shaped, 380. 
Gongylodes, 378. 
Grammicus, 409. 
Granular, 393. 
Granulatus, 393. 
Greasy, 398. 
Griseus, 404. 
Gromonical, 217. 
Grumous, 378. 
Guttatus, 408. 
Gypseus, 404. 
Gyratus, 414. 


Hematiticus, 407. 
Hair-pointed, 386. 
Hair-shaped, 377. 
Hairy, 396. 
Halbert-headed, 384. 
Half-netted, 394. 
Half-terete, 375. 
Halved, 378. 385. 
Hastatus, 384. 
Headed, 387. 
Heart-shaped, 384. 
Hebetatus, 387. 
Helvolus, 406. 
Hepaticus, 405. 
Heptandrous, 147. 
Herbaceous, 400. 
Heterocarpien, 187. 
Heterotropal, 218. 
Hexandrous, 147. 
Hidden-veined, 111. 
Hinoideus, 109. 410. 
Hirtus, 396, 

Hispid, 396. 

Hoary, 396. 404. 
Homotropal, 416. 
Honeycombed, 394. 
Hooded, 381. 
Hooked, 386. 
Hooked-back, 385. 
Horarius, 403. 
Horizontal, 413. 
Horned, 377. 
Horny, 399. 
Hornus, 403. 
Humifusus, 415. 
Humilis, 400. 
Hypocrateriform, 140. 379. 
Hypogzous, 418. 
Hypogynous, 145. 418. 
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Hysteranthus, 402. 


Ianthinus, 407. 
Icosandrous, 147. 
Igneus, 407. 
Imbricated, 411. 419. 
Imparipinnatus, 115. 391. 
Inzequalis, 385. 
Inzquilaterus, 385. 
Incanus, 396. 404. 
Incarnatus, 407. 
Incisus, 389. 
Inclinate, 413. 
Incumbent, 218. 
Incurvus, 414. 
Indehiscent, 188. 
Indeterminatus (caulis), 56. 
Indirecté venosus, 409. 
Indigoticus, 407. 
Induplicate, 411. 
Induviatus, 90. 
Inermis, 395. 

Inferior (calyx), 138. 
Inflatus, 381. 

Inflexed, 414. 
Infra-auxillary, 89. 
Infractus, 414. 
Infundibuliform, 140. 379. 
Innate, 150. 417. 
Integer, 387. 
Integerrimus, 387. 
Interruptedly pinnate, 391. 
Interruptus, 421. 
Intricatus, 421. 
Introcurvus, 414. 
Introflexus, 414. 
Introrsus, 150, 415. 
Introvenium, 111. 
Inverted, 413. 
Involute, 410. 413. 
Irregular, 142. 382. 
Isobrious, 216. 
Isodynamous, 216. 
Tsos, 400. 
Isostemonous, 401. 
Ivory-white, 404. 


Jointed, 393. 


Keeled, 376. 
Kermesinus, 407. 
Kidney-shaped, 38 4g 
Knee-jointed, 414. 
Kneepan-shaped, 380. 
Knoblike, 378. 
Knotted, 377. 


Labiate, 140. 379. 
Labiose, 141. 
Lachrymeformis, 374, 
Lacerus, 389. 


Laciniatus, 389. 
Lacteus, 404. 
Lacunose, 394. 
Levigatus, 398. 
Levis, 398. 
Lamellar, 387. 
Lamellatus, 387. 
Lanatus, 396. 
Lanceolate, 382. 
Lateral, 417. 
Laterinervius, 109. 
Lateritius, 407. 
Laxus, 399. 419. 
Leaf-like, 378. 
Leathery, 399. 
Lens-shaped, 375. 
Lenticular, 375. 
Lentiformis, 375. 
Lentiginosus, 398. 
Lepidotus, 49. 397. 
Leprous, 397. 
Leprosus, 397. 
Lettered, 409. 
Leuco, 404. 
Liber, 417. 
Ligneus, 17. 399. 
Lignosus, 399. 
Ligulatus, 382. 
Lilacinus, 407. 
Liliaceous, 141. 
Limbatus, 408. 
Linealis, 401. 
Linear, 382. 
Lineatus, 395. 
Lined, 395. 
Linguiformis, 376. 
Little, 400. 
Lituratus, 409. 
Lividus, 406. 
Lobatus, 389. 
Lobed, 389. 
Loculicidal, 188, 
Loculosus, 394. 
Lofty, 400. 
Loose, 399. 419. 
Loratus, 382. 
Low, 400. 
Lunatus, 384. 
Lunulatus, 384. 
Luridus, 405. 
Luteolus, 405. 
Lutescens, 405. 
Luteus, 405. 
Lyratus, 385. 


Macrocephalous, 212. 


Macropodous, 215. 
Maculatus, 408. 
Manicate, 46. 
Many-headed, 87. 
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Marbled, 408. 
Marcescens, 403. 
Marginal, 417. 
Marginatus, 408. 
Marmoratus, 408. 
Masked, 140. 

Mealy, 397. 400. 
Medullary, 399. 
Meios, 401. 
Meiostemonous, 401. 
Mela, 404. 

Melano, 404. 
Melon-shaped, 375. 
Membranaceous, 398. 
Memnonius, 405. 
Meniscoideus, 381. 
Menstrualis, 403. 
Menstruus, 403. 
Milk-white, 404. 
Millsail-shaped, 378. 
Miniatus, 407. 
Mitriform, 226. 
Mixtinervius, 110. 
Modioliformis, 381. 
Molendinaceus, 378. 
Monadelphous, 146. 
Monandrous, 147. 
Monocarpous, 402. 
Moniliform, 377. 
Monopetalous, 140. 
Monophyllus, 138. 
Much-branched, 393. 
Mucous, 398. 
Mucronate, 386. 
Multiceps, 87. 
Multiferus, 402. 
Multifidus, 115. 389. 
Multijugus, 392. 


~ 


Multidigitato-pinnatus, 392. 


Muricated, 396. 
Murinus, 404. 
Muscariformis, 380. 


Mushroom-headed, 381. 


Muticus, 387. 


Naked, 398. 

Naked (seeds), 
Nanus, 400. 
Napiformis, 374, 
Natans, 412. 
Nave-shaped, 381. 
Navicularis, 377. 
Nebulosus, 408. 
Necklace-shaped, 377. 
Needle-shaped, 383. 
Nervatus, 110. 409, 
Nervosus, 409. 
Netted, 109. 394. 
Niger, 405. 
Nigritus, 405. 
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Nitidus, 398. 
Niveus, 404. 
Nocturnus, 403. 
Nodding, 414. 
Nodosus, 377. 
Nodulose, 47. 86. 
Normal, 382. 
Nudus, 398. 
Nullinervis, 410. 
Nullus, 421. 
Numerous, 421. 
Nutans, 414. 


Ob, 423. 

Oblique, 385. 413. 
Oblong, 383. 
Obtusus, 386. 


Obvolute, 411. 
Ocellated, 408. 
Ochraceus, 406. 
Ochroleucus, 406. 
Octandrous, 147. 
Often-bearing, 402. 
Oleaginous, 399. 
Oligos, 421. 
Olivaceus, 406. 
One-ribbed, 409. 
One-sided, 414. 420. 
Opaque, 398. 
Operculate, 114. 
Opposite, 90. 415. 419. 
Orbicular, 383. 
Orgyalis, 401. 
Orthotropal, 218. 
Orthotropous, 180. 416. 
Oscillatorius, 417. 
Osseous, 399. 

Oval, 383. 

Ovate, 383. 
Ovoidal, 375. 


Painted, 408. 

Paired, 392. 

Palaceus, 417. 
Paleaceous, 397. 
Palmaris, 401. 

Palmate, 389. 
Palmatifidus, 114. 390. 
Palmatilobatus, 114. 390. 
Palmatipartitus, 114. 390. 
Palmatisectus, 114. 390. 
Palmiformis, 410. 
Palminervis, 110. 410. 
Panduratus, 384. 
Panduriformis, 384. 
Papery, 398. 
Papilionaceous, 141, 
Papillosus, 396. 
Papulosus, 396. 


cum acumine, 386. 
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Papyraceus, 398. 
Parabolical, 383. 
Parallelinervis, 409. 
Parietal (pistilla), 163. 
Paripinnatus, 391. 
Parted, 389. 
Partitioned, 394. 
Partitus, 389. 
Patelliformis, 380. 
Patens, 415. 
Pear-shaped, 374. 
Pectinatus, 390. 
Pedalinervius, 110. 
Pedalis, 401. 
Pedate, 389. 
Pedatifidus, 390. 
Pedatilobatus, 390. 
Pedatinervis, 410. 
Pedatipartitus, 390. 
Pedatisectus, 390. 
Peduncularis, 118. 
—_—_——— (cirrhus), 118. 
Peltate, 416. 

Peltinervis, 410. 
Peltinervius, 110. 
Pendulous, 413. 
Pennatipartitus, 389. 
Penniformis, 460. 
Penninervis, 109. 410. 
Pennivenius, 110. 
Pentandrous, 147. 
Perennans, 403. 
Perennial, 403. 
Perfoliate, 97. 416. 
Perforated, 394. 
Perichetial, 226. 
Perigynous, 145. 418. 
Peripterus, 378. 
Peritropal, 415. 
Permanent, 403. 
Peronate, 378. 397. 
Persistent, 403. 
Personate, 140. 
Perpendicular, 413. 
Perpusillus, 400. 
Pertusus, 394. 

Pervious, 54. 

Petal-like, 378. 
Petaloideous, 378. 
Petiolaris, 118. 417. 
Phragmiger, 394. 
Pheeniceus, 407. 
Phylloideus, 378. 

Piceus, 405. 

Pictus, 408. 

Piliferus, 386. 

Pilose, 396. 

Pimpled, 396. 

Pinnate with an odd one, 391. 
Pinnated, 391. 


Pinnaticisus, 389. 
Pinnatifid, 389. 
Pinnatilobatus, 390. 
Pinnatisectus, 390. 
Pitcher-shaped, 379. 
Pithy, 399. 

Pitted, 394. 
Pivotante, 87. 
Placenta-shaped, 374. 
Plaited, 411. 

Plane, 375. 
Pleiophyllous, 54. 
Plicativus, 411. 
Plumbeus, 404. 
Plumosus, 397. 
Poculiform, 380. 
Pointless, 387. 
Pointletted, 386. 
Polished, 398. 
Politus, 398. 
Pollicaris, 401. 
Poly, 421. 
Polyadelphous, 146. 
Polyandrous, 147. 
Polycarpous, 402. 
Polypetalous, 140. 
Porphyreus, 405. 
Posticus, 150. 415. 
Pouch-shaped, 380. 
Powdery, 397. 
Premorse, 86. 387. 
Prasinus, 406. 
Prickly, 395. 
Prism-shaped, 373. 
Prismatical, 373. 
Proboscideus, 377. 
Procerus, 400. 
Procumbens, 415. 
Pronus, 415. 
Prostratus, 415. 
Proteranthous, 402. 
Pruinosus, 398. 
Pseudo-costatus, 110. 
Pseudomono-cotyledonous, 212. 
Pubens, 396. 

Pubescens, 396. 

Pullus, 405. 

Pulley-shaped, 380. 
Pulverulentus, 398. 
Pulvinatus, 375. 

Pumilus, 400. 

Punctatus, 395. 408. 
Puniceus, 407. 

Pungent, 386. 

Pure white, 404. 

Purpureus, 407. 

Pusillus, 400. 

Pygmezus, 400. 

Pyramidalis, 373. 

Pyriformis, 374. 
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Quadridigitato-pinnatus, 392. 
Quinate, 391. 

Quincunx, 412. 
Quintuplinervius, 110. 409. - 


Radiating, 110. 
Radiatus, 110. 421. 
Radicalis, 417. 
Ramealis, 417. 
Rameous, 417. 
Ramentaceous, 104. 397. 
Ramosus, 392. 
Ramosissimus, 393. 
Rarus, 421. 
Reclinate, 412, 413. 
Rectinervis, 409. 
Rectivenius, 109. 
Rectus, 412. 
Reflexed, 414. 
Regular, 142. 382. 
Remotus, 421. 
Renarius, 384. 
Reniformis, 384. 
Repand, 388. 
Replicate, 411. 
Restans, 403. 
Resupinate, 413. 
Reticulated, 109. 394. 
Retinervis, 116, 409. 
Retrorsus, 415. 
Retuse, 386. 
Revolute, 411. 413. 
Rhizocarpous, 402. 
Rhodo, 407. 
Rhombeus, 384. 
Rhomboid, 384. 
Ribbed, 110. 409. 
Ringed, 395. 
Ringent, 140. 378. 
Rope-shaped, 377. 
Roridus, 398. 
Rosaceous, 141. 421. 
Roseus, 407. 
Rostellatus, 386. 
Rostratus, 386. 
Rosulate, 419. 
Rotate, 140. 379. 
Rotundatus, 383. 
Rotundus, 383. 
Rough, 46. 396. 
Roughish, 396. 
Roundish, 383. 
Rubellus, 407. 
Rubens, 407. 
Ruber, 407. 
Rubescens, 407. 
Rubicundus, 407. 
Rubiginosus, 407. 
Rufescens, 405. 
Rufus, 405. 
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Rugose, 394. Slimy, 398. 
Ruminated, 211. 394. Smaragdinus, 406. 
Runcinate, 385. Smooth, 398. 
Ruptinervius, 109. 409. Snow-white, 404. 
Rutilans, 407. Solitary, 42. 
Rutilus, 407. Solutus, 417. 
Spadiceus, 405. 
Saddle-shaped, 381. Sphericus, 373. 
Sagittatus, 384. Spheroidal, 375. 
Salver-shaped, 379. Spatulate, $83. 
Sanguineus, 407. Sparsus, 419. 
Sausage-shaped, 381. Spiculate, 396. 
Sawed, 388. Spindle-shaped, 375. 
Scaber, 396. Spiny, 395. 
Scabridus, 396. Spiral, 347. 414. 420. 
Scabrous, 51. Spiraliter contortus, 412. 
Scaly, 397. 420. Spithamzeus, 401. 
Scarious, 399. Splendens, 398. 
Scarred, 395. Split, 389. 
Schistaceus, 404. Spodo, 404. 
Scimitar-shaped, 376. Spongy, 399. 
Scrobiculatus, 394. Spotted, 408. 
Scrotiformis, 380. Spreading, 415. 
Scutatus, 375. Squamosus, 49. 397. 420. 
Scutelliform, 380. Squarrose, 420. 
Scutiformis, 375. Squarrose-slashed, 389. 
Secundatus, 47. Squarroso-laciniatus, 389. 
Secundus, 414. 420. Starry, 46. 
Sellzformis, 381. Starved, 420. 
Semi-amplexa, 411. Stellate, 46. 392. 418. 
Semi-amplexicaulis, 416. Stelliformis, 418. 
Semilunatus, 384. Stellulatus, 418. 
Semireticulatus, 394. . Stemclasping, 416. 
Semiteres, 375. Stimulans, 46. 
Sepalous, 138. Stinging, 397. 
Septatus, 394. Stipitatus, 417. 
Septicidal, 188. Straggling, 415. 
Septifragal, 189. Straight, 412. 
Serialis, 420. Straight-ribbed, 409. 
Sericeus, 46. 397. — veined, 109. 
Serratus, 388. Stramineus, 405. 
Sesqui, 401. Strapshaped, 382. 
Sesquipedalis, 401. Striated, 395. 
Sessile, 416. Strictus, 412. 
Setiger, 386. Strigose, 49. 397. 
Setosus, 46. 386. Striped, 408. 
Shaggy, 396. Strombuliformis, 374. 
Sharp-pointed, 386. Strombus-shaped, 374. 
Sheathing, 116. 417. Stupose, 148. 
Shield-shaped, 375. Sub, 423. 
Shining, 398. Submersed, 413. 
Sigmoid, 217. Subramosus, 392. 
Silky, 46. 397. Suberosus, 399. 
Silvery, 404. Subrotundus, 383. 
Simple, 104. Subulatus, 383. 
——— (leaf), 390. Succisus, 387. 
Simplicissimus, 390. Succulent, 103. 399. 
Sinuate, 388. Sulcatus, 395. 
Sinuolatus, 388. Sulphureus, 405. 


Slashed, 115, 389. Superior (calyx), 138. 


Supervolute, 411. 
Supra-axillary, 89. 
Supradecompound, 391. 
Sutural, 189. 
Swimming, 412. 
Sword-shaped, 383. 
Sychnocarpous, 402. 
Synanthous, 402. 
Syncarpous, 168. 


Tenianus, 381. 
Tail-pointed, 386. 
Tall, 400. 

Taper, 375. 
Taper-pointed, 386. 
Tapering, 385. 
Tap-rooted, 87. 
Tapeworm-shaped, 381. 
Tartareous, 400. 
Tear-shaped, 374. 
Tephro, 404. 

Teres, 375. 

Terete, 375. 
Tergeminate, 392. 
Terminal, 417. 
Ternate, 391. 419. 
Ternato-pinnatus, 392. 
Testaceus, 406. 
Tessellated, 408. 
Testiculatus, 378. 
Tetradynamous, 147. 
Tetrandrous, 147. 
Thalassicus, 406, 
Thallodes, 231. 

Thick, 399. 
Threadshaped, 377. 
Three-cornered, 376. 
Three-edged, 376. 
Three-ribbed, 110. 409. 


Thrice digitato-pinnate, 392. 


Tomentose, 46. 396. 
Tongue-shaped, 376. 
Toothed, 388. 
Top-shaped, 374. 
Torn, 389. 

Torsivus, 412. 
Tortuous, 414. 
Toroloze, 47. 377. 
Trapeziform, 384. 
Tree-like, 393. 
Triadelphous, 146. 
Triandrous, 147. 
Triangular, 376. 384. 
Tricornis, 377. 
Tricostatus, 110. 
Tridentatus, 387. 
Tridigitato-pinnatus, 392. 
Triduus, 403. 
Trifariam, 420. 
Trifidus, 114. 389. 
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Trifoliolate, 391. 
Trigonus, 376. 
Trijugus, 392. 
Trilobus, 389. 
Trimestris, 403. 
Trinervis, 110. 409. 
Tripartitus, 389. 
Tripinnate, 392. 
Triple-ribbed, 93. 409. 
Triplinervius, 110. 409. 
Triplo, 401. 
Triqueter, 376. 
Triternate, 392. 
Trochlearis, 380. 
Trumpet-shaped, 377. 
Truncate, 387. 
Tubezformis, 377. 
Tubatus, 377. 
Tubercled, 396. 
Tubular, 373. 
Tunicated, 60. 
Turbinate, 374. 
Turgid, 381. 
Turnip-shaped, 87. 374. 
Twin, 393. 421. 


Twining, 414. 
Twisted, 413. 
Two-edged, $76. 


Ulnaris, 401. 
Umbilicate, 416. 
Umbonatus, $75. 
Umbraculiformis, 381. 
Umbrella-shaped, 381. 
Umbrinus, 405. 
Unarmed, 395. 
Uncatus, 386. 
Uncertain, 415. 
Uncialis, 401. 
Uncinatus, 386. 
Unctuosus, 398. 
Undulatus, 385. 
Unequal, 142. 385. 
Unequal-sided, 385. 
Unguiculate, 141. 
Unicus, 421. 
Unijugatus. $92. 
Unijugus, 115. 391, 392. 
Unilateralis, 420. 
Uninervis, 409. 
Urceolatus, 379. 
Urens, 397. 

Utricular, 5. 


Vaginans, 417. 
Vaginervis, 111. 410, 
Vagus, 218. 415. 
Valvaris, 412. 
Valvate, 412. 


digitato-pinnate, 391. 
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Variegatus, 408. 
Vascularis, 381. 
Vase-shaped, 381. 
Vasiforme, 15. 
Veinless, 108. 
Velutinus, 46, 396. 
Velvety, 396. 
Venosus, 410. 
Ventricosus, 382. 


Venuloso-hinoideus, 109. 410. 


Venuloso-nervosus, 109. 
Vermicularis, 377. 
Vermiculatus, 407. 
Verrucosus, 396. 
Versatile, 417. 
Vertebrate, 391. 
Verticalis, 413. 
Verticillatus, 419. 
Vesicular, 5. 
Vexillary, 412. 
Virens, 406. 
Virescens, 406. 
Virgate, 55. 
Viridis, 406. 
Villosus, 46. 
Vimineous, 47. 
Violaceus, 407. 
Viscid, 397. 
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Viridescens, 406. 
Viridulus, 406. 
Vitellinus, 406. 
Vittatus, 408. 
Volubilis, 414. 


Wavy, 385. 

Waxy, 399. 
Wedge-shaped, 383. 
Wheel-shaped, 37 9. 
Whip-shaped, 377. 
White, 404. 
Whitened, 398. 404. 
Whitish, 404. 
Whorled, 419. 
Winged, 378. 
Withering, 403. 
Woody, 17. 399. 
Woolly, 396. 
Worm-shaped, 377. 
Wrinkled, 411. 


Xantho, 405. 
Xerampelinus, 407. 


Yearly, 403. 


Zoned, 409. 


THE END. 
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“ The most valuable work of the kind in our language.’”’—BrRit. AND For. MED. REv. 


A NATURAL SYSTEM of BOTANY ; 


Or, a Systematic View of the Organization, Natural Affinities, and Geographical 
Distribution of the whole Vegetable Kingdom : together with the Uses of 
the most important Species in Medicine, the Arts, &c. 
2d Edition, with numerous Additions and Corrections, and a complete List of Genera, 
with their Synonyms, 1 vol. 8vo. 18s. cloth. 


SYNOPSIS of the BRITISH FLORA, 


Arranged according to the Natural Orders. 
2d Edit. with numerous Additions, Corrections, and Improvements, 12mo. 10s. 6d. bds 


A KEY to STRUCTURAL, PHYSIOLOGICAL, and 
SYSTEMATIC BOTANY. 


For the use of Classes. 8vo. 4s. 6d. 


FLORA MEDICA: 


Or, a Botanical Account of all the most remarkable Plants applied to Medical Practice 
in Great Britain and other Countries. 
1 vol. post 8vo. price 18s. cloth lettered. 


FIRST PRINCIPLES of HORTICULTURE. 


2s. sewed. 


GUIDE to the ORCHARD and KITCHEN GARDEN. 


By G. LinpLEy, C.M.H.S. Edited by J. Linpury, Ph. D. F.R.S. &c. 
1 large volume, 8vo. 16s. bds. 


By SIR JAMES EDWARD SMITH, M.D. F.R.S. 


Late President of the Linnean Society, &c. 


THE ENGLISH FLORA. 


New Edition, in 4 vols. 8vo., containing the FLOWERING PLANTs and the Ferns, £2. 8s. 
Vol. V. Part 1. 12s.—CryproGAMIA: comprising the Mosses, Hepatice, Lichens, 
| Characee, and Alge. 
By Sir W. J. Hooker, LL.D. F.R.A. and L.S. &c. &c. 


Vol. V. Part 2—The Fune1—completing the work, by Sir W. J. HooKErR, 
and the Rev. M. J. BERKELEY, F.L.S. &c. 8vo. 12s. 


Compendium of the English Flora. 
2d Edition, with Additions and Corrections. By Sir W. J. Hooker, LL.D. &c. 
12mo. 7s. 6d. 
The same in Latin. 5th Edition, 12mo. 7s. 6d. 


INTRODUCTION to the STUDY of 
PHYSIOLOGICAL and SYSTEMATICAL BOTANY. 


New Edition, with Illustrations of the Natural Orders (combining the object 
of Sir J. Smith’s “‘ Grammar” with that of his ‘‘ Introduction.’’) 


By Sir W. J. Hooker, LL.D. &c. 8vo. 36 Plates, 16s. cloth. 


LATELY PUBLISHED BY LONGMAN AND CoO. 


NATURAL HISTORY (BOTANY )—coNTINUED. 


By SIR WILLIAM JACKSON HOOKER, K.B. LL.D. 


Regius Professor of Botany in the University of Glasgow, &c. 


THE BRITISH FLORA ; 


Comprising the FLOWERING PLANTS and the FERNS. 
8vo. 4th Edition, enlarged and corrected, with 4 Plates, 12s. plain; 16s. coloured. 


*,* In this edition all the newly-discovered Species are introduced. The Linnean 
arrangement is followed in the body of the work; but in the Appendix are given 
the Characters of alithe Natural Orders, with a List of the Genera, referring to the 
pages where they are described. 


Vol. Il. Part 1 of the above (CRYPTOGAMIA), 8vO. 12s. 


Vol. II. Part 2 (FUNGI), completing the work, by Sir W. J. Hooker, and the 
Rev. M. J. BERKELEY. §Svo. 12s. 


MUSCOLOGIA BRITANNICA. 


Containing the Mosses of Great Britain and Ireland, systematically arranged and 
described ; with Plates. 


By Sir W. J. Hooker, LL.D. F.L.S. &c., and T. Taytor, M.D. F.L.S. &c. 
8vo. 2d Edit. enlarged, 31s. 6d. plain; £3. 3s. coloured. 


ICONES PLANTARUM ; 


Or, FIGURES, with brief Descriptive Characters and Remarks, of NEW or RARE 
PLANTS, selected from the Author’s Herbarium. 


2 vols. 8vo. with 200 Plates, price #2. 16s. cloth lettered. 


By J. C. LOUDON, F.L.S. &c. &c. 


ENCYCLOPAEDIA of PLANTS ; 


Comprising the Description, Specific Character, Culture, History, Application in 
the Arts, and every other desirable particular respecting all the Plants 
Indigenous to, Cultivated in, or Introduced into Britain. 
With nearly Ten Thousand Engravings on Wood. 2d Edition, corrected, 1 large vol. 8vo. 
£3. 13s. 6d. bds. 


“ The most useful and popular botanical work that has ever appeared in the English 
language.’’—JAMESON’S PHIL. JOURNAL. 


HORTUS BRITANNICUS: 
A Catalogue of all the Plants Indigenous to, Cultivated in, or Introduced into Britain. 
Part I.—The Linnean Arrangement, in which nearly Thirty Thousand Species are 
enumerated, &c. : preceded by an Introduction to the Linnzan System. 
Part II.—The Jussieuean Arrangement of nearly Four Thousand Genera; with an 
Introduction to the Natural System, and a Description of each Order. 


8vo. 23s. 6d. in cloth. 


AN ENCYCLOPAEDIA of GARDENING ; 


COMPRISING 
The Theory and Practice of Horticulture, Floriculture, Arboriculture, and Landscape 
Gardening: including all the latest Improvements ; a General History of Gardening in 


all Countries ; and a Statistical View of its Present State: with Suggestions for its 
Future Progress in the British Isles. 


New Edition, greatly enlarged and improved, with nearly 1000 Engravings on Wood, 
1 vol. Svo, £2. 10s. 


6 . NEW WORKS AND NEW EDITIONS 


NATURAL HISTORY (BOTANY )—conrTinvueD. 


Also, by Mr. Loupon, 


ENCYCLOPAIDIA of AGRICULTURE ; 


COMPRISING 
The Theory and Practice of the Valuation, Transfer, Laying out, Improvement, and 
Management of Landed Property; and the Cultivation and Economy of the Animal and 
Vegetable Productions of Agriculture, including the latest Improvements ; a General 
History of Agriculture in all Countries; and a Statistical View of its Present State: 
| With Suggestions for its Future Progress in the British Isles. 
With nearly Thirteen Hundred Engravings on Wood. 1 large vol. 8vo. 
3d Edit. with a SUPPLEMENT, containing all the recent Improvements, #1. 10s. bds. 


*,* The Supplement may be had separately, price 5s. 


ARBORETUM er FRUTICETUM BRITANNICUM:; 


Or, the Hardy Trees of Great Britain, Native and Foreign, Pictorially and Botanically 
delineated, and Scientifically and Popularly described. 
8 thick vols. 8vo. (4 of Letterpress and 4 of Plates,) 
Consisting of above 3000 pages of Letterpress, above 400 8vo. Plates of Trees, 
and upwards of 2500 Woodcuts of Trees and Shrubs, &c. &c. 
price £10. neatly bound in cloth lettered. 


ELEMENTS of PRACTICAL AGRICULTURE; 


Comprehending the Cultivation of Plants; the Husbandry of Domestic Animals; 
: and the Economy of the Farm, 
By Davip Low, Esq. F.R.S.E. Professor of Agriculture in the University of Edinburgh. 
1 vol. 8vo. 2d Edition, with Alterations and Additions, and above 200 Woodcuts, 
18s. cloth lettered. 


** No work on agriculture has appeared in our time which will bear a comparison with this 
excellent, and we would say classsical work, of Professor Low, It will become the manual of 
practical agriculture for the British empire; and the judicious views and sound rules of our 
author will unquestionably prove beneficial to the agriculturalists of other countries.”’ 

JAMESON’S EDIN. PHILOSOPHICAL JOURN. 


ELEMENTS of AGRICULTURAL CHEMISTRY. 
By Sir Humpury Davy, Bart. LL.D. F.R.S. &c. 
5th Edition, with Notes by his Brother, Dr. JoHN Davy, 8vo. lis. 


The CULTIVATION of the 
GRAPE VINE on OPEN WALLS. 


By CLEMENT HOARE. 
8vo. New Edition, with Additions, 7s. 6d. cloth. 


** Mr. Hoare has thrown more light on the subject of vine culture than any British gardener 
who has written on the subject.”,-—LOUDON’sS GARDENER’S MAG. 


“* One of the best productions upon any horticultural subject which has been published for 
some years.”>—ATHENZUM. 


FIRST STEPS to BOTANY. 
By J. L. DRumMmonp, M.D. 
12mo. 100 Woodcuts. 3d Edition, 9s. bds. 


CONVERSATIONS on BOTANY. 


With 22 Engravings. 12mo. 8th Edition, enlarged, 7s. 6d. plain; 12s. coloured. 


CONVERSATIONS onVEGETABLE PHYSIOLOGY. 
Comprehending the Elements of Botany, with their Application to Agriculture. 
By JANE MARCET. 2 vols. 12mo. with Plates, 2d Edition, 12s. 
By the same Author, 


CONVERSATIONS on NATURAL PHILOSOPHY. 


8th Edition, 10s. 6d. bds. With 22 Engravings by Lowry. 


CONVERSATIONS on CHEMISTRY, 


In which the Elements of that Science are familiarly explained and illustrated by 
Experiments ; with a Conversation on the Steam Engine. 


2 vols. 12mo. 13th Edition, with Plates by Lowry, 14s. bds. 
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LATELY PUBLISHED BY LONGMAN AND CO. 


POETRY. 


LALLA ROOKH: an Oriental Romance. 


By THomAs Moorkg, Esq. 


New Edition, with 4 Engravings, from Paintings by RicHARD WESTALL, R.A. 
Fep. 8vo. 10s. 6d. bds.; demy 8vo. without Plates, 14s. 


Also, 


IRISH MELODIES. 


New Edition, in the press. 


JAMES MONTGOMERY’S POETICAL WORKS. 


A complete collected Edition, comprising ‘‘ The Wanderer of Switzerland,” ‘‘ The West 
Indies,”’ ‘“‘ World before the Flood,’’ ‘‘ Greenland,” ‘“ Pelican Island,”’ 
“* Songs of Zion,”’ “‘ Poet’s Portfolio,” and all his smaller Poems. 


3 vols. small 8vo. 18s. 


SOUTHEY’S POETICAL WORKS ; 


CoLLECTED BY HIMSELF. 
10 volumes, fcp. 8vo. with Frontispieces and Vignettes, price £2. 10s. cloth lettered. 


FAMILY SHAKSPEARE; 


In which nothing is added to the Original Text ; but those Words and Expressions are 
omitted which cannot with propriety be read aloud in a Family. 


By T. BowDLer, Esq. F.R.S. 


New Edition, in 1 large volume, 8vo. with 36 Illustrations after Smirke, Howard, &c. 
30s. cloth; with gilt edges, 3ls. 6d. Or in large type, without Illustrations, in 8 vols. 
8vo. £4. 14s. 6d. bds. 


REMAINS of HENRY KIRKE WHITE, 
Selected, with prefatory Remarks, by RoBert SourHEY, Esq. 
2 vols. 8vo. 24s. ; and 1 vol. 24mo. with engraved Title and Vignette, 5s. 


N.B. The property of the Family having been invaded, it is necessary to state that these 
are the ONLY Eprrions which contain the Life by Mr. Southey, and the whole of the con- 
tents of the Third Volume. 


SELECT WORKS of the BRITISH POETS, 
From JONSON to BEATTIE. With Biographical and Critical Prefaces, 
By Dr. AIKIN. 

1 vol. 8vo.-18s. in cloth; or neatly done up, gilt edges, 20s. 


SELECT WORKS of the BRITISH POETS, 
From CHAUCER to WITHERS. With Biographical Sketches, 
By RoBert SouTHEY, LL.D. 


1 vol. 8vo. uniform with ‘‘ Aikin’s Poets,” 30s. in cloth ; or with gilt edges, £1. 11s. 6d. 


THE MORAL of FLOWERS. 
With 24 beautifully-coloured Plates, royal 8vo. 3d Edition, 30s. half-bound. 
“ Full of exquisite poetry.?>—BLACKWOOD’S MAGAZINE. 


By the same Author, 
THE SPIRIT of the WOODS. 
1 vol. royal 8vo. with 26 beautifully-coloured Engravings, price 36s. half-bound. 


** The two elegant volumes with which Mrs. William Hey has favoured the public are well 
Jitted to lend grace and ornament to that which is solid and useful.”—MED GAz- 


JOANNA BAILLIE’'S POEMS, &c. 


New DraMAS, 3 vols. 8vo. 36s.—A SERIES of PLAys, in which it is attempted to delineate 
the stronger Passions of the Mind. 3 vols. 8vo. £1. 11s. 6d.—MISCELLANEOUS 
PLAYS, 8vo. 9s.—_METRICAL LEGENDS, 8vo. l4s. 


8 NEW WORKS AND NEW EDITIONS 


ee re 
RELIGION, THEOLOGY, ETC. 


COLLEGE and SCHOOL GREEK TESTAMENT, 


WITH ENGLISH NOTES. 


By the Rev. S. T. BLoomFie.p, D.D. F.S.A. of Sidney College, Cambridge ; 
Vicar of Bisbrooke, Rutland. 


1 vol. 12mo. price 12s. cloth lettered. 


** Dr. Bloomfield’s New Testament for the use of schools is an invaluable work. It is also 
entitled tu the distinction of being regarded as an original production, the notes and critical 
apparatus being in general constructed with great labour for the present edition. It is impos- 
sible to say how far the public are indebted to Dr. Bloomfield for these labours of his industrious 
pen: they will carry down his name with honour to posterity.””— EVANGELICAL MAGAZINE. 


By the same Editor, 
THE GREEK TESTAMENT, 


With English Notes, Critical, Philological, and Exegetical, partly selected and arranged 
from the best Commentators, Ancient and Modern, but chiefly Original. 


2d Edition, considerably improved, in 2 thick vols. 8vo. price #2. 


GREEK and ENGLISH LEXICON of the NEW TESTAMENT. 


By E. Rosinson, D.D. Prof. Biblical Lit. Theol. Seminary, New York. 


Edited, with careful revision, corrections, &c. &c. 
By the Rev. 8S. T. BooMFIELD, D.D. F.S.A. 


1 vol. 8vo. price 28s. in cloth lettered. 


“* We hesitate not to affirm, that Dr. Robinson’s Greek and English Lexicon to the New 
Testament, as edited by Dr. Bloomfield, is the best that has hitherto been published in this 
country.”’— BaprisT MAG. 


THE SUNDAY LIBRARY ; 


A Selection of Sermons from Eminent Divines of the Church of England, chiefly 
within the last Half Century. 


With Notes, &c. by the Rev. T. F. Dispin, D.D. 
Complete in 6 vols. small 8vo. with 6 Portraits of Distinguished Prelates, 30s. cloth. 


“ 4 little library for a churchman, and a treasure for the pious among the laity.”’ 
LITERARY GAz. 


es een Geemnsenstyeestte = 


THE SACRED HISTORY of the WORLD; 
Philosophically considered, in a Series of Letters to a Son. 
By SHARON TURNER, Esq. F.S.A. and R.A.S.L. 5th Edition, 2 vols. 8vo. 28s. 
The Third and concluding Volume is just published, price 14s. 


PRINCIPLES of CHRISTIAN PHILOSOPHY ; 


Containing the Doctrines, Duties, Admonitions, & Consolations of the Christian Religion. 


By Joun Burns, M.D. 
Regius Professor of Surgery in the University of Glasgow, &c. 


12mo. 4th Edition, 7s. bds. 


LETTERS from an ABSENT GODFATHER; 
Or, a Compendium of RELIGIOUS INSTRUCTION for Young Persons. 


By the Rey. J. E. Rippe, M.A. 
Curate of Harrow; Author of “ First Sundays at Church,” &c. &c. 


Fep. 8vo. 6s. cloth lettered. 
“© An admirable manual of Christian duties.”’—St. JAMES’s CHRONICLE. 


DISCOURSES on the SOCINIAN CONTROVERSY. 


By RaLPH WARDLAW, D.D. Glasgow. 8vo. 5th Edition, 15s. cloth lettered. 
By the same Author, 
SERMONS. 8vo. 12s. 


ORIENTAL CUSTOMS : 


Applied to the Illustration of the Sacred Scriptures. 
By SAMUEL BurpER, A.M. &c. New Edition, 12mo. 8s. 6d. bds. 


B ee ee ee 


LATELY PUBLISHED BY LONGMAN AND Co. 


HISTORY AND BIOGRAPHY. 


A VIEW of the REIGN of JAMES II. 


From his Accession to the Enterprise of the Prince of Orange. 
By the late Right Hon. Sir JAMES MACKINTOSH. 
In 4to. with a Portrait, 31s. 6d. 


“ We have no hesitation in pronouncing this fragment decidedly the best history now extant 
of the reign of James the Second. It contains much new and curious information, of which 
excellent use has been made. The accuracy of the narrative is deserving of high admiration.”’ 

EDINBURGH REVIEW. 
Also, the above, completed to the SETTLEMENT of the CROWN, by the EpirTor. 


To which is prefixed, 
A Notice of the Life, Writings, and Speeches of Sir James Mackintosh. 
4to. £3. 3s. 


LIFE and TIMES of WILLIAM IIT. 
King of England, and Stadtholder of Holland. 
By the Rt. Hon. ARTHUR TREVOR (now LoRD DUNGANNON), M.P. F.A.S. &c. 
2 vols. 8vo. with Portrait, &c. price 24s. 


LIFE of FREDERIC the SECOND, KING of PRUSSIA. 
By Lorp Dover. 
2 vols. 8vo. sath Portrait, 2d Edition, 28s. 


“* A most delightful and comprehensive work. . . Judicious in selection, intelligent in arrange- 
ment, and graceful in style.”,—LITERARY GAZETTE. 


MEMOIRS of SIR WILLIAM TEMPLE. 


By the Right Hon. THoMAS PEREGRINE COURTENAY. 
2 vols. 8vo. with Portrait, 28s. 


LIFE of SIR HUMPHRY DAVY, Bart. 


By his Brother, Dr. Joun Davy. 
2 vols. 8vo. with Portrait, 28s. 


HISTORY of ENGLAND, 


From the earliest Period to the Death of Elizabeth. 
By SHARON TuRNER, ESq. F.A.S. R.A.S.L. 12 vols. 8vo. £8. 3s. bds. 


The same work may also be had in the foliowing separate portions :— 


THe ANGLO-Saxons. 3 vols. 8vo. | REIGN oF Henry VIII. 2 vols. 8vo. 
6th Edition, £2. 5s. bds. 3d Edition, 26s. boards. . 


Tue MippLE AGES. 5 vols. 8vo. | REIGNS oF Epwarp VI., Mary, and 


3d Edition, £3. boards. ELIZABETH. 2 vols. 8vo. 3d Edition, 
32s. boards. 


GIBBON’S HISTORY of the ROMAN EMPIRE: 
For the Use of Families and Young Persons. 


Reprinted from the Original Text, with the careful Omission of all Passages of an 
irreligious or immoral tendency. 


By THomAs BowDLe_ER, Esq. F.R.S. &c. 
5 vols. 8vo. £3. 3s. bds. 


HISTORY of THUCYDIDES ; 
Newly translated into English, and illustrated with very copious Annotations, &c. 
By the Rey. S. T. BLooMFIELD, D.D. &c., Editor of the Greek Testament. 
3 vols. 8vo. with Maps, £2. 5s. bds. 
‘A version as literal and as perspicuous as erudition and industry combined can render it.” 
EcLectic REVIEW. 
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10 : NEW WORKS AND NEW EDITIONS 


HISTORY & BIOGRAPHY—conTinueD; & VOYAGES & TRAVELS. 


LIFE and ADMINISTRATION of 
EDWARD, FIRST EARL of CLARENDON. 


With Original Correspondence and Authentic Papers, never before published. 
By THomMAS HEnrRy LISTER, Esq. 
3 vols. 8vo. with Portrait and Fac-similes, price #2. 8s. cloth lettered. 


*¢ 4 valuable contribution to the history of our native country.”-—LITERARY GAZETTE. 


COMPANION TO MAUNDER’S TREASURY OF KNOWLEDGE. 


THE BIOGRAPHICAL TREASURY ; 


Containing Memoirs, Sketches, or brief Notices of the Lives of about 12,000 Eminent 
Persons, from the earliest periods of History to the Present Day: 
surrounded by nearly 3500 Maxims and Precepts, original and selected. 


By SAMUEL MAUNDER. 
8s. 6d. cloth; 10s. 6d. bound, gilt leaves. 


“© A work worthy of great and lasting favour.”’—LITERARY GAZETTE. 


** An extraordinary book, whether we look at the labour necessary to its production, the 
quantity of matter it contains, or the price at which it is sold.”,—SPECTATOR. 


VOYAGES & TRAVELS, GEOGRAPHY, 


§c. 


JOURNAL of a RESIDENCE in NORWAY, 


Made with a view to inquire into the Rural and Political Economy of that Country, 
and the Condition of its Inhabitants. 
By SAMUEL LAING, Esq. 
2d Edition, 1 vol. 8vo. 14s. cloth. 


‘ 


** 4 book which every body should read.””,—DUBLIN REVIEW. 


SEVEN WEEKS TOUR on the CONTINENT. 


By Joun Rosy, Esq. M.R.S.L. 
2 vols. with numerous I]lustrations, 25s. 


* The best book of the kind that has issued from the press these fifty years”’—STANDARD. 


RAMBLES in the PYRENEES, 
And a VISIT to SAN SEBASTIAN. 
By FrepeEric W. Vaux, Esq. 


1 volume, post 8vo. with a Frontispiece, drawn by Rochard, from a sketch by the 
Author, a Map, and 6 Engravings on Wood by S. Williams, 10s. 6d. cl. lett’d. 


IMAGERY of FOREIGN TRAVEL; 


Or, Descriptive Extracts from ‘‘ Scenes and Impressions in Egypt and Italy,” 
“‘ Sketches in India,” ‘‘ Recollections of the Peninsula,” &c. &c. 


By Major SHERER. 1 vol. post 8vo. 9s. 6d. cloth lettered. 


“© We know of no writer of the present day so strictly and characteristically entitled to 
the epithet picturesque as Major Sherer, the author of this gallery of ‘ Imagery.’ His pen 
and ink sketches present the scenes and objects to the mind with a distinctness of impression 
rarely obtainable from verbal description. This most agreeable volume may be described as 
‘a sort of diorama in letterpress.’”>—PATRIOT. 
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LATELY PUBLISHED BY LONGMAN AND CO. 11 
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VOYAGES, TRAVELS, ETC.—continuep. 


SKETCH of ANCIENT and MODERN GEOGRAPHY. 


By SAMUEL BUTLER, D.D. 


Lord Bishop of Lichfield and Coventry, late Head Master of Shrewsbury Royal Free 
Grammar School. 


8vo. New Edition, corrected, 9s. bds. 
An Abridgment of the same. 12mo. price 2s. cloth. 


By the same Author, 


Atlas of Modern Geography, consist- ing of 22 Coloured Maps, with a complete 
ine of 23 Coloured Mabe aoe a New Set accentuated Index. Svo. 12s. hf-bd. 
of Plates, with an Index of all the Names. General Atlas of Ancient and Modern 
8vo. 12s, hf-bd. : Geography, 45 Coloured Maps, and two 
Atlas of Ancient Geography, consist- Indexes. 4to. 24s. half-bound. 


*,* The Latitude and Longitude are given in the Indexes to these Atlases. 


ENCYCLOPAEDIA of GEOGRAPHY: 


Comprising a complete Description of the Earth ; exhibiting its Relation to the Heavenly 
Bodies, its Physical Structure, the Natural History of each Country, and the Industry, 
Commerce, Political Institutions, and Civil and Social State of all Nations. 


By Hueu Murray, F.R.S.E. 
Assisted in 


Astronomy, &c. byProfessor Wallace ; Botany, &c. by Sir W. J. Hooker; 
GEoLoGy, &c. by Professor Jameson ; Zoo.oey, &c. by W. Swainson, Esq. 


With 82 Maps, drawn by Sidney Hall; and upwards of 1000 other Engravings on Wood, 
from Drawings by Swainson, T. Landseer, Sowerby, Strutt, &c., representing the most 
remarkable objects of Nature and Art in every Region of the Globe. Complete in one 
thick volume of upwards of 1500 pages, 8vo. #3. hf-bd. vellum. 

“ Tt is without a rival.””—ASIATIC JOURNAL. 
“ The most perfect book on its subject.””—ATLAS. 


NEW GENERAL ATLAS of FIFTY-THREE MAPS, 


ON COLOMBIER PAPER 3 


With the Divisions and Boundaries carefully CoLouRED. 
Constructed entirely from New Drawings, and engraved by SIDNEY HALL. 
Corrected to the present time. 


Folded in half, and bound in canvas...........-- eaetethcets 12. ee tee o 
PitiG, Mme-HOONG 1 FOASSIA. occa skal Sk Sleek ce ecies 99’ O 
In the full extended size of the Maps, half-bound in Russia.... 10 0 0 


Alphabetical Index of all the Names contained in the above Atlas, 


With References to the Number of the Maps, and to the Latitude and Longitude in which 
the Places are to be found. Royal 8vo. 21s. cloth. 


EDINBURGH GAZETTEER; 


Containing a Description of the various Countries, States, Cities, Towns, Mountains, 
Seas, Rivers; Harbours, &c. of the World. 


2d Edit. 8vo. with an Abstract of the last Population Return, and Maps, 18s. 
As an Accompaniment to the above Work, 
New General Atlas, constructed by A. ARROWSMITH. 


Comprehended in Fifty-four Maps, including Two New Maps, with Recent Discoveries. 
Royal 4to. half-bound, £1. 16s. plain; coloured, 2. 12s. 6d. 
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12 . NEW WORKS AND NEW EDITIONS 


Ss 


COMMERCE, ETC. 


A HISTORY of PRICES, 


With reference to the Causes of their principal Variations, from 1792 to the present time. 
Preceded by a brief Sketch of the HISTORY of the CORN TRADE 
in the last two Centuries. 
By THomAs TookeE, Esq. F.R.S. 
2 vols. 8vo. price £1. 16s. cloth lettered. 


** In a book lately published, written by a gentleman of the highest possible authority—Mr. 
Tooke—there appeared so perfect and accurate a description, not only of the evisting state of 
the revenue, and of the expenditure of the country, but ulso of the causes which had led to that 
stute, that with the permission,” &c. &c. &c.—Extract from Mr. Serine RIcE’s SPEECH on 

[the 18th May. 


A DICTIONARY, 


PRACTICAL, THEORETICAL, ann HISTORICAL, 
OF 


COMMERCE and COMMERCIAL NAVIGATION. 


Illustrated with Maps and Plans. 


A New Edition, corrected and improved, in 1 closely and beautifully-printed volume, 
containing upwards of 1350 pages, 50s. bds. 


By J. R. M‘Cutocn, Esq. 


In correcting this edition, the author has been assisted by valuable information com- 
municated by many private and some official gentlemen in different parts of the world. 
In this respect he is under especial obligations to the government of Prussia. With a 
liberality of which there are certainly few (if any) examples, it has not merely taken pains 
to supply him with ample and authentic details as to the Commerce, Finances, &c. of 
that flourishing kingdom, but has authorized him to make any use he pleased of the in- 
formation so communicated, without stipulation or condition of any kind, or so much as 
insinuating, directly or indirectly, what might be agreeable to it. 


LIBER MERCATORIS; or, The Merchant’s Manual: 


Being a practical Treatise on Bills of Exchange, particularly as relating to the Customs 
of Merchants; with the French Code relating to Bills of Exchange. 


By F. HoBuer, Jun. Attorney-at-Law ; 
Author of ‘* Familiar Exercises between an Attorney and his Articled Clerk.” 


Fcp. 8vo. 6s. cloth lettered. 


STEELS SHIP-MASTER’S ASSISTANT, 
and OWNER’S MANUAL; 


Containing General and Legal Information necessary for Owners and Masters of Ships, 
Ship-Brokers, Pilots, and other persons connected with the Merchant Service. New 
Edition, newly arranged, and corrected (containing the New Customs, Laws, &c.) 
by J. SrrKEMAN, Custom-House Agent. With Tables of Weights, Measures, Monies, 
&c. by Dr. KELLY. 1 large and closely-printed vol. 21s. bds. ; 22s. 6d. bd. 


CONVERSATIONS on POLITICAL ECONOMY. 
By JANE MARCET. 12mo. 6th Edition, 9s. bds. 
By the same Authoress, 
John Hopkins’ Notions on Political Economy. 12mo. 4s. 6d. 


THE HISTORY and PRINCIPLES of BANKING. 


By J. W. GILBART. 4th Edit. enlarged, 8vo. 9s. 
This book may be considered as a grammar of banking. The general reader may 
here acquire a competent knowledge of most of the facts and principles connected with 
the subject. 


LATELY PUBLISHED BY LONGMAN AND CO. 13 


NOVELS & WORKS OF FICTION. 


THE ROBBER: A Tale. 
By the Author of “ The Gipsy,” &c. &c. &c. 
3 vols. post 8vo. #1. 11s. 6d. 


“ Tt is as full of the deepest interest, the sweetest philosophy, atmirable portraits of cha- 
racters, and gorgeous and powerful descriptions, as any work we have read for many years.”” 
Court JOURNAL. 
“ The best of Mr. James’s romances.”?—SPECTATOR. 


UNIFORM WITH ‘** MARRYAT’S PIRATE.” 


LEILA; or the Seige of Granada. 
By Sir Epwarp Lytton BuLweRr, Bart. 


15 Plates and Portrait of the Author, rl. 8vo. £1. 11s. 6d.; Proof Plates, €2. 12s. 6d. 


“© These tales of Spain, from the pen of the Author of ‘ Eugene Aram’ and ‘ Rienzi,’ are 
what might be expected from such a quarter—highly descriptive, yet distinct, vigorous, and 
impassioned.”’—LITERARY GAZETTE. 


UNIFORM WITH “ BULWER’S LEILA.”’ 


CAPT. MARRYAT’s PIRATE, & THREE CUTTERS. 


20 Plates, by Stanfield, and Portrait of the Author, royal 8vo. #1. 11s. 6d. ; 
Proofs, £2. 12s. 6d. 
‘© Captain Marryat never produced any thing better than ‘ The Pirate.’ ”” 
METROPOLITAN MAG. 


THE DOCTOR, &c. 


Vol. V.—Nearly ready. Vols. I. to IV. £2. 2s. 


* Rich, beyond almost any other of the time, in the best knowledge, and in the most beau- 
tiful literature.”’—QUARTERLY REVIEW. 


MISCELLANEOUS. 


THE DOCTRINE of the DELUGE. 


Vindicating the Scriptural Account from the doubts which have recently been cast upon 
it-by geological speculations. 
By the Rev. LEvVEsoN VERNON HARCOURT. 
2 vols. 8vo. 36s. cloth lettered. 


COLONIZATION and CHRISTIANITY: 
A Popular History of the Treatment of the Natives in all their Colonies by the Europeans. 


By Wi1Lu1AM Howitt, Author of ‘‘ The Book of the Seasons,” &c. 
1 vol. post. 8vo. 10s. 6d. cloth lettered. 


By the same Author, 


THE BRURAL LIFE of ENGLAND. 


2 vols. post 8vo. beautifully illustrated with Woodcuts, by S. Williams, 24s. cloth lettered. 


Contents :—Life of the Aristocracy; Life of the Agricultural Population ; Picturesque 
and Moral Features of the Country; Causes of the strong Attachment of the English to 
Country Life; Forests of England; Habits, Amusements, and Condition of the People. 


< One of the most healthful, vigorous, fresh, and English-spirited of Mr. Howitt’s pro- 
ductions. It is « work for all classes, rich and poor. It is written with good sense and good 
feeling. Tis sentiments are as unexceptionable as its descriptions ; and we shall be greatly 
mistaken if it do not puss through many editions, and obtain a wider circulation season by 
season.”’—CouRT JOURNAL. 
* Beautiful in its subject, beautiful in its literary execution, and beautiful inits getting up.” 
Sr. JAMEs’s CHRONICLE. 
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14 NEW WORKS AND NEW EDITIONS 


& 


MISCELLANEOUS —conTINvUED. 


WOMAN in her SOCIAL& DOMESTIC CHARACTER. 


By Mrs. JoHN SANDFORD. 
Sth Edition, 12mo. 6s. in cloth. 


By the same Authoress, 


ON FEMALE IMPROVEMENT. 
2 vols. 12mo. 12s. cloth. 


| 
/ “* Mrs. Sandford’s previous work entitles her name to respect, and her present performance 
strengthens her claim toit. It is an offering which her sex should receive with gratitude.” 
Court JOURNAL. 
| 


LACON; or, Many Things in Few Words. 


By the Rev. C. C. Cotton. New Edition, 8vo. 12s. cloth. 


SELECTIONS from the EDINBURGH REVIEW ; 


With a preliminary Dissertation and Notes. 
Edited by Maurice Cross, Esq. 4 large vols. £3. 3s. bds. 


LETTERS, on the Subject of the CATHOLICS, 
To my brother Abraham, who lives in the Country. 
By PETER PLYMLEY. 
Post 8vo. 2ist Edition, 7s. in cloth. 


WORKS OF GENERAL UTILITY. 


THE TREASURY of KNOWLEDGE, 
And LIBRARY of REFERENCE. 
By SAMUEL MAUNDER. 


In Two Parts: the Ist Part consisting of a new and enlarged English Dictionary, 
a Grammar, Tables of Verbal Dictinctions, with Examples, &c. ; 
the 2d Part including, among many other things of value, a new Universal Gazetteer, 
a Classical Dictionary, a Compendium of Chronology and History, 
a Dictionary of Law Terms, and various useful Tables. 
The whole uniquely surrounded by Moral Maxims and Proverbs. 9th Edition, 


1 thick vol. royal 18mo. neatly printed in pearl, 8s. 6d. cl.; or 10s. 6d. embossed and gilt. 


INSTRUCTIONS to YOUNG SPORTSMEN. 
By Lieut.-Col. P. HAWKER. 


Sth Edition, greatly enlarged and thoroughly revised, with new Cuts of Heads of Wild 
and Tame Swans, all his last new Coast Gear, with many other original subjects, and 
containing altogether 60 Plates and Woodcuts, 1 vol. 8vo. £1. 1s. cloth lettered. 


““ Col. Hawker’s ‘ Instructions to Sportsmen’ is the very best book we have on the subject.”’ 
BLACKWOOD’sS MAGAZINE. 


THE GUN ; 
Or, a Treatise on the Nature, Principle, and Manufacture of the various descriptions of 
Small Fire Arms. 
By WILLIAM GREENER. 1 vol. 8vo. Plates, 15s. 


“ T have no hesitation in saying that I consider it by far the best work ever written on the 


subject, and I should recommend the perusal of it to every gun-maker in the United Kingdom.” 
LETTER FROM COLONEL HAWKER. 


HINTS to MOTHEBS, for the Management of Health. 


By Tos. Butt, M.D. Physician-Accoucheur to the Finsbury Midwifery Institution, &c. 
Fcp. 8vo. 5s. cloth lettered. 


“ There is no mother that will not be heartily thankful that this book ever fell into her hands; 
and no husband who should not present it to his wife. We cannot urge its value too strongly 
on all whom it concerns.”’— ECLECTIC REVIEW. 


LATELY PUBLISHED BY LONGMAN AND CO. 15 


WORKS OF GENERAL UTILITY — conrinvuEp. 


TOMLINS’S POPULAR LAW DICTIONARY. 
1 thick volume, post 8vo. 18s. cloth lettered. 


< 4 volume of the greatest utility, and affords avast mass of information essentially 
necessary to almost every man in his ordinary occupations of life.’ —WEEKLY DISPATCH. 


PLAIN DIRECTIONS for making WILLS 
In conformity with the New Act, which came into operation on the Ist January. 
By J. C. Hupson, of the Legacy Duty Office, London. 
6th Edition, fcp. 8vo. price Half-a-Crown, neatly done up in cloth, gilt edges. 
. By the same Author, 


THE EXECUTOR’S GUIDE. 


Fcp. 8vo. 5s. in cloth, gilt edges. 


HINTS on ETIQUETTE; 
AND THE USAGES OF SOCIETY, &c. 
By Aywvyos. 
16th Edition, fcap. 8vo. 2s. 6d. gilt edges. 


SHORT WHIST;; its Rise, Progress, and Laws: 
Together with Maxims for Beginners, and Observations to make any one a Whist Player. 
By Masor A*****, 
5th Edition, fep. vo. with Frontispiece, 3s. in fancy cloth, gilt edges. 


INSTRUCTIONS to EXECUTORS 
And ADMINISTRATORS ; 


Shewing the Duties and Responsibilities incident to the due Performance of 
their Trusts ; with Forms properly filled up for every Bequest. 


By J. H. Brapy, late of the Legacy Duty Office, Somerset House. 
8vo. 6th Edit. improved to the latest date, 8s. 


*,* This work contains information of a more Technical Nature than Mr. Hudson’s work, 
and is therefore adapted to the use of Attorneys as well as the Public. 


DOMESTIC DUTIES ; 
Or, Instructions to Young Married Ladies on the Management of their Households, &c. &c. 
By Mrs. WILLIAM PARKEs. 12mo. 4th Edition, 10s. 6d. cloth lettered. 


** The volume before us is a perfect VADE MECUM for the young married lady, who may 
resort to it on all questions of household economy and etiquette.”,-—-NEW MONTHLY Maa. 


ON THE 
VALUATION of PROPERTY for the POOR’S RATE. 


By J.S. BAYLDON. 8vo. New Edition, enlarged, 7s. 6d. 
By the same Author, 


Art of Valuing Rents and Tillages, &c. New Edition, 7s. bds. 


COMPLETION OF RIDDLE’S LATIN DICTIONARY. 


AN ENGLISH-LATIN DICTIONARY. 


By the Rev. J. E. RIpDLE. 
8vo. 10s. 6d. in cloth.—To be published in August. 
*,* The LATIN-ENGLISH, price One Guinea, in cloth. 
“© We do not think we could use terms too high to express our entire approbation and admi- 

ration of it. Itis a vast improvement in its class.””?—LITERARY GAZETTE. 

The two parts together, £1. 11s. 6d. in cloth. 

The LatIn-ENGLIsH, abridged for Schools, 7s. bound. 

The ENGLISH-LATIN Abridgment is in preparation. 


: , 


16 NEW .WORKS LATELY PUBLISHED BY LONGMAN AND CO. 


ce 


ARCHITECTURE, ROAD-MAKING, 


Ke. 


DICTIONARY of the ARCHITECTURE and 
ARCH OLOGY of the MIDDLE AGES ; 


Including the Words used by Old and Modern Authors, &c. &c. &c. 
By JoHN BritTTON, F.S.A. &c. 


1 large volume, royal 8vo. illustrated by 41 Engravings by J. Lz Krux, #2. 16s. ; 
medium 4to. £5.; imperial 4to. £7. 7s. 


T. F. HUNTS ARCHITECTURAL WORKS. 


Hints on Picturesque Domestic Ar- | Designs for Parsonage-Houses, Alms- 


chitecture; in a Series Pn Soy oa Houses, &c. 4to. 21s. 
Gate Lodges, Gamekeepers’ Cottages, &c. : , 
dé! New Edition, 215, sig Exemplars of Tudor Architecture, 
i : adapted to Modern Habitations; with 
Designs for Lodges, Gardeners illustrative Details, &c. 4to. £2. 2s. 


Houses, and other Buildings, in the 
Modern or Italian Style. 4to. 21s. 


The above may be had with Proof Impressions of the Plates on India Paper. 


ELEMENTS of MUSICAL COMPOSITION; 


Comprehending the Rules of Thorough Bass, and the Theory of Tuning. 
By WILLIAM Crotcu, Mus. Doc. Professor of Music in the University of Oxford. 
2d Edition, small 4to. with Plates, 12s. in cloth. 
By the same Author, 


LECTURES on MUSIC. 7s. 6d. 


ENCYCLOPA:IDIA of COTTAGE, FARM, & VILLA 
ARCHITECTURE and FURNITURE. 
By J. C. Loupon, F.L.S. &c. 


New Edition, 1 large vol. 8vo. with above 1100 pages of Letterpress, 
and illustrated with upwards of 2000 Engravings, £3. boards. 


A TREATISE on ROADS: 


Wherein the principles on which Roads should be made are explained and illustrated, 
by the Plans, Specifications, and Contracts, made use of by Thos. Telford, Esq. 
on the Holyhead Road. 


By the Rt. Hon. Sir HENry PARNELL, Bart. Hon. Mem. Inst. Civ. Engin. Lond. 
2d Edition, greatly enlarged, with 9 large Plates (2 of which are new), 21s. cloth lettered. 


PRACTICAL TREATISE on RAILROADS 
And INTERIOR COMMUNICATION in GENERAL. 


Containing the Performances of the improved Locomotive Engines: with Tables of the 
Comparative Cost of Conveyance on Canals, Railways, and Turnpike Roads. 


By NicHoLas Woop, Colliery Viewer, Mem. Inst. Civ. Engin. &c. 


3d Edition, very greatly enlarged, with 13 large Plates (several of which are new, and 
the rest have been re-drawn and re-engraved) and several new Woodcuts, 
price One Guinea and a Half, in cloth. 


TREATISE on the STEAM ENGINE; 


Historical, Practical, and Descriptive. 
By Joun Farey, Engineer. 


4to. illustrated by numerous Woodcuts, and 25 Copperplates, engraved by Wilson Lowry, 
from Drawings by Messrs. Farey. 


£5. 5s. bds.—VoL. II. is in the press. 


REMARKS on the 
PRESENT SYS'TEM of ROAD-MAKING. 


By JoHn Loupon M‘ADAM. 
8vo. 7s. 6d. boards. 
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